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THERMOMETERS. 


¥E cannot enough commend and admire 
that excellent invention of Thermometers, 


ier we are enabled to make fome judgment of 
the various degrees of heat in bodies. It is not 
our bufinefs at prefent to determine to whom we 
owe that noble and ufeful difcovery: whether to 
_ Sanétorio, to Galileo, to Father Paul, or to Dreb- 
bel, For I find it afcribed to all thefe by their re- 

2 {pective 
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fpective favourers and admirers *, At firft, as is 


the fate of all other inventions, Thermometers 


were but rude and imperfect machines, and not 
eafily to be applied to fo many purpofes as came af- 
terwards to be in ufe. They were very clumfy: 
and as the various degrees of heat were pointed by 
_ the different contraction or expanfion of air, they 
came afterwards to be found uncertain, and fome- 
times deceiving meafures of heat} as the bulk of 
air was aifected not only by the difference of heat, 


* The invention is given to Drebbel by his country- 
men Boerhaave (Chem. I, p. 152.156.) and Muffchen- 
broek (Tent. Exp. Acad. Cim, Add. p. 8. Eff de Phyf. 
§ 946) Fulgenzio (Life of Father Paul, p,m. 158) 
afcribes it to his mafter Father Paul Sarpi, that great 
oracle of the Republic of Venice. But there was an 
hvmour prevailed in thofe days of fathering almoft all 
the curious difcoveries of the age on that great ftatef- 
man and virtuofo, Vincenzio Viviani (Vit. de I’ Galil. 
p. 67. See too Oper. di Galil. Pref. p. 47.) fpeaks of 
Galileo as the inventor of Thermometers. But we 
know how much and how fondly he-adored the me- 


mory'\of his great mafter, (See Hift. Acad. des Scien, | 


1703, Pp. 169. 175.176. 180.) Still all thefe are poft- 
humous claims, and they too imputed by others, But 
San@orio himfelf (Com. in Galen. Art. Med. p. 736. 
842. Com. in Avicen. Can. Fen. I. p. 22. 78. 219.) ex: 
prefly affumes the invention in queftion. And Borelli 
(De Mot. Animal. II. Prop. 175.) and Malpighi (Oper, 
Pofth. p. 30.) afcribe it to him without referve. And 
thefe Florentine academicians are not to be fufpected 
of partiality in favour of one of the Patavinian fchool. 

but 


. 
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- but likewife by the difference of weight of the at- 
cst: sa! 


2. s Ferdinand Il. great Duke of Tufcany, or the 
gentlemen of the Academia del Cimento under his 
protection, made a very great improvement on 
thofe curious and ufeful machines. They made 
them with fpirits inclofed in glafs tubes, and thefe 
hermetically fealed. So that. they could fuffer no- 
thing by the evaporation of liquor, or the various 
gravity of the incumbent atmofphere. And it was 
Thermometers made inthis way which were firft 
introduced into England by Mr. Boyle t, and came 
immediately to be of univerfal ufe among the vir- 
tuo in all the feveral countries, where-ever polite 
learning and philofophy were cultivated, 


3. But there was not fo much ufe made of thofe 
inftruments as. they were capable of. We have 
plenty. of. obfervations made with particular There - 
mometers at different times and places. - But then 
thefe were not conftructed by any fixed {fcale or - 
‘-indard. Even the Florentine Weather-glafles them- ~ 
felves, whofe higheft term was adjufted to the great 
fun-fhine heats of that country,. were too vague - 
and indetermined. . And in other places every © 
workman made them according to his own way 
and fancy ; without adjufting his numbers to any » 


* Boyle Exp. on Cold. Abr. Dap. 597. ke. 

+ Vivian. Vit. de I’ Galil. p. 67. 

ek on Cold. Abr. Is p. 582, ig 
| A 3 known .: 
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known or determined degrees of heat. And fe 
they could not be compared one with another; 
nor could the obfervations made by different per- 
fons, and in different parts of the world, be col- 
lated with any degree of certainty or juftnefs. By 
which means, notwithftanding all the very nume- 
rous regifters of the weather that have been kept 
and publifhed by different authors, we are ftill at 
a lofs to determine the comparative differences of 
heat and cold in different countries and climates, 
and the refult of many other obfervations. 


4. Had all the Weather-glaffes in the world been 
made according to one determined fcale, thefe in- 
conveniencies and uncertainties would have been 
prevented; which are now unavoidable, and muft 
{till continue fo, untill every body agree to gradu- 
ate their ‘Thermometers in the fame way, or at leaft 
determine fome fixed or unalterable points of heat, 
to which all the different fcales of thofe inftruments 
may be reduced. 


5. The great and truly honourable Mr. Boyle * 
found himfelf very much at a lofs for a ftandard, 
‘whereby to meafure heat and cold: the common 
inftruments fhewing him no more than the relative 
coldnefs or heat of things, but leaving him in the 
dark as to their pofitive degrees. Whence hecould 
not communicate the idea of any fuch degree to 


* Exp, on Cold. Abr. I. p. 579. 


_ another 


r 
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another perfon, Thermometers were then fuch in. 
definite and variable things, that it feemed morally 
impoffible from them to fettle fuch a meafure of 
heat and cold, as we have of time, diftance, weight, 
é&c. there having been then no method thought up» 
on to compare together any two different Thermo- 
meters ; or the obfervations made by them. Now as 
bodies are varioufly affected by various heats, regu- 
larly undergoing fuch and fuch changes, at fuch and 
fuch degrees of it, fo the faireft way to fix a ftandard 
method of adjufting Thermometers would feem to 
‘be from fome remarkable change a body under- 
‘went by the application of a certain degree of heat 
to it. In confequence of which Mr. Boyle propo- 

- fed the freezing of the effential oil of Anifeeds as 
a term of heat and cold that might be of ufe in 
making and judging of Thermometers ; ‘and fo to 
graduate them from this point according to the 
proportional dilatations or contractions of the in- 
cluded fpirits. He mentioned too the coldnefs re- 
quifite to begin the congelation of diftilled water 
as another fixed term that might be propofed : for 
he was perfuaded that among the ordinary waters 
fome were apt to freeze more eafily than others. 
But the objections which he apprehended might 
be made to this method fcared him fo much, that 
he profecuted no farther this confideration of fix- 
ing a ftandard for making and graduating Ther- 
mometers all in the fame way. Which ’tis pity 
one of his genius and induftry, and affifted with 
fuch opportunities, did not carry farther; as it is 
of 
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of fuch importance on a thoufand occafions in the 
ies and ear of Nature. 


6. The ingenious and acute Dr. Halley * was 
likewife very fenfible of the bad effects of that in- 
‘definite way of conftructing Thermometers ; and 
wifhed to have them adjufted to fome determined 
points. He, with Mr. Bayle, lays afide the freez- 
ing of liquors, as being, in his opinion, points of 
heat not fo juftly determinable but with a confider- 
able latitude. And what he fhews the greateft 
fondnefs for is the degree of temperature ; fuch as 
in places deep under ground, where the heat in 
the fummer, or cold in winter have been found to 
have no manner of influence... ‘Thus in a cave cut 
ftrait into the bottom of a clift fronting the Sea to - 
the depth of 430 feet with 80 feet of earth above 
it, Mr. Boyle * found the fpirit in the ‘Phermome- 
ter to be raifed to. the fame height both in fummer 
and winter. And Meflrs. Mariotte, De- la Hire, 
and Maraldi affure us, that in the cave under the 
royal obfervatory at Paris the heat continues al- 
ways the fame, ferrcely altered by the moft fultry 
fummer heats, or bittereft colds of that country, 


But, with Dr. Halley’s leave, this degree of tem- 
perature I do not think a very convenient term for 
- an univerfal conftrudtion of ‘Thermometers. Eve-— 
ry body cannot go to Mr. Bayle’s grotto: and it is 


* Phil. Tranf, Abro ily p. 36. 


+ Mem. Hilt. of the Air, Abr. II. p. 54. 
7 but 


i 
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but few who can have an opportunity of making 
obfervations, and adjufting Thermometers in the 
cave of the Parifian obfervatory. And we are not 
fure that other deep pits would coincide precifely 
with the temperature of thefe places. ‘The diffe- 
rence of foils and different depths might occafion 
a confiderable variation. 


7. Another term of heat Dr. Halley * thought 
might be of ufe in a general graduation of ‘Ther- 
mometers is that of boiling /pirit of wine. ‘* Only 


© it muft be obferved, that the fpirit of wine ufed 


&¢ 


to this purpofe be highly rectified ; for otherwife 
«* the differing goodnefs of the fpirit will occafion 
‘© it to boil fooner or later, and thereby pervert 
* the defigned exaétnefs.” He objects too its great 


a“ 


. aptnefs to evaporate, and that in length of time 


+ 


it becomes, as it were, effete, and lofes gradually a 
part of its expanfive power. But truly this laft 
mentioned difficulty, though repeated after Dr. 
Halley by feveral others, and commonly pretty 
much infifted on, would feem to be of no great 
weight. Well rectified fpirit of wine, if fealed up 
in a glafs, is pretty unalterable. It cannot evapo- 
rate: and by many years experiénce its force of 
expanfion has continued the fame; as, befide other 
obfervations, we know efpecially from the annual 
regifters of Mr. De la Hire’s f{pivit ‘Thermometer, 


* phil, Tranf, Abr. II. p. 35." 


that 
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that has been kept in the obfervatory above thefe 
threefcore years by- paft. 


8. But a much more convenient term of heat, 
though lefs infifted on by Dr. Halley, is that of 
boiling water. ‘This. he found * to be a very fixed 
and fettled degree of heat ; and which, when once 
water has acquired it, ‘cannot-be increafed by any 
longer continuance or length of time. And this 
point of heat Sir Jac Newton and Mr. Amontons 
were juftly very fond of in fettling the limits of 
their refpective Thermometers: wherein too they 
have been imitated by all thofe that came after 
them, 


g. Though I could fearcely find any fenfible dif- 
ference in various waters, differing confiderably 
in weight, faltnefs, cleannefs, &c. fo as that Mr. | 
Taglini’s objections + againft the fixednefs of this 
point are of no force; yet truly this heat of bozling 
water is not at all times and places fo abfolutely _ 
fixed and invariable, as moft people are ready to 
conclude from Dr. Halley’s and Mr. Amontons’s 
obfervations. The fixednefs or volatility of water 
depends very much not only on the cohefion of its 
particles, but alfo on the preffure of the incumbent 


* Phil. Tranf. Abr. Il. p. 34. See too Amontons 
in Mem. Acad. Sc. 1699. p. 156. 1702. Pp. 210. 


+ See Mem, Acad. Sc. 1730. p. 7145 
. atmofphere. 
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atmofphere. + For in a veflel much exhauited of 
air, water and other liquors, being freed of moft 
of the ordinary preflure they undergo, boil in a 
very moderate degree of warmth, much below 
what in the open air is ufually requifite to fet them 
a boiling. And agreeable hereto Fahrenheit a€tually — 
found § that water was capable of a greater or lefs 
degree of heat in boiling, according to the greater 
or lefs weight of the atmofphere, or the greater or 
lefs height of the Mercury in the Barometer. But 
in ordinary changes of the weather the difference 
is not very great *, And farther we may avoid all 
errors that might arife from any thing of that fort, 
if we make our obfervations on the heat of boiling 
water, and adjuft this term of heat at a middle 


_ t See Boyle Phyfico. Mech, Exp. Abr. lI. p. 473. 
474. Newton. Opt. p. 3186 | 


§ Phil Tranf. Abr. VI. 2. p. 18. Boerh.. Chem. I. 
Pe 271. i? | 

* It isnot fo great as Dr. Boerhaave (Chem. I, 
p- 171.) in giving an account of Fahrenbeit’s obferva- 
tions reckoned. In an alteration of 3 inches in the 
height of the Mercury in the barometer, he fays, the 
‘boiling heat is found to differ 8 or 9 degrees, I did 
not find it to vary fo much by the different weights of 
the atmofphere. From the experiments I have made 
J judge that by the rife or fall of the quickfilver an 
inch in the barometer the boiling heat of water vari- 
- eth fomewhat lefs than 2 degrees. 
fiate 
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ftate of the atmofphere in places near the level of 
the fea, when the Mercury in the barometer ftands 
at about 30 inches or a very little under it. And 
the fame caution will be neceffary in judging of the 
heat.of boiling fpirit of wine, or of the boiling heat 
of any other liquor. 


10. It was on this principle chiefly of the deter- 
mined fixednefs of the heat of Jdoiling water that 
Mr. Amontons + contrived his univerfal Thermome- 
ter. It was indeed a pretty contrivance : but it ne- 
ver was, nor never could be of univerfal ufe; nor 
could it anfwer the defign of its ingenious author, 
Its conftruétion is too difficult and complex; the 
machine itfelf is too bulky and incumbered to be 
eafily managed, or carried from place to place. 
And then it is fuppofed to be fitted at a due tem-' 
perature of the air, asin the {pring and autumn at 
Paris : which, befide that it is in itfelf fomething 
too indefinite, at other times and places we cannot 
well be fure of. And the air of that temperature 
he reckoned to be dilated juft one third by the heat 
of boiling water. But the dilatation of the air is 
not fo regularly proportional to its heat; nor is its 
dilatation by a given heat near fo uniform as he 
all along fuppofed. This depends much on its 
moifture: * for dry air does not expand near fo 


+ Mem, Acad; Se. 1702. p..204, &c, 


* See Hilt. Acad. Sc. 1708. p. 15, Mém. p. 370, 
Mufichenbr. Tent, Exp, Acad. Cim. Add, p. go. Eff. 
de Phyf, § 1402. 


nuch 
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much by a given heat, as air ftored with watery 
particles ; which by being turned into fteam in- 
_creafe vaftly the feeming volume of the air. So 
then as Mr. Amontons’s ‘Vhermometer is aifected by 
all thefe and other inconveniencies +, it is no won- 
der it was imitated by very few, and never came to 
be of general ufe in the world. 


11. From this one determined point of the heat 
of boiling water there may however be laid down a 
general method of confirudting Thermometers all 
in the fame way, fo as that they fhall correfpond 
with one another in all the various degrees of heat. 
It is, as Mr. Boy * propofed long ago, by mark- 
ing the degree of expanfion or contraction of the 
fluid of the Thermometers, as the heat applied is 
either greater or lefs than that of boiling water. 
Suppofing for example the whole volume of this 
fluid to confift of 10000 parts it is to mark onthe 
tube where that volume is expanded by heat, or 
contracted by cold, 1, 2, 3, 4, wc. of thefe parts. 
All which may be done at any time by different 
perfons and in different places, fo as that they fhall 
anfwer precifely to one another. 


12. Thisis a very plaufible method, and hasbeen 
actually tried by fome, as we fhall afterwards have 


+ See Mr, de Reaumur in Mem, Acad. Sc. 1730. 
p. 654. 
* Exp. on Cold, Abr. I. p. 579, 
B occafion 
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occafion to fee. And yet in practice it will not be 
found very eafy to determine exactly all the divifi- 
ons from the alteration of the bulk of the fluid; 
befide other unavoidable inconveniencies and un- 
certainties we fhall by and by have occafion to take | 
notice of. It is fufficient and will be much eafier 
and more convenient, in fettling an univerfal me- 
thod of conftructing Thermometers, to determine 
at leaft two fixed points of beat at a confiderable 
diftance the one from the other ; and to divide on 
the tube or fcale the intermediate fpace into any 
convenient number of equal parts or degrees. Buil- 
ing water, in the circumftances we propofed, we 
jut now found tobe a pretty uniform and fixed de- 
gree of heat. And water juft freezing, if that 
come out always the fame, will anfwer the purpofe 
moft readily of any degree we could think of. 


13. It is true Dr. Halley * thought this to be a 
point admitting a confiderable latitude, And fome 
have fufpected that water freezes at different de- 
erees Of heat in different feafons, countries and 
climates. And Dr. Cyrill’s obfervations + would 
feemto confirm it. At Naples he found water to 
freeze when his Thermometer was 10 degrees above 
the freezing point as it had been conftructed in 


'# Phil, Tranf. Abr. 1, p.136. 
+ Phil. Tranf. N. 424. p. 336. N. 430. p+ 189. 
N. 434. P: 407+ 408. N. 435- Ps 464, 
England 
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England. by the directions of the Royal Society. 
- And Father Martini * talks of the frofts in the 
province of Pekin in China as greater than its lati. 
tude of 42 degrees would induce one to expeét, the. 
rivers being often frozen for four months together, 
ce. And adds, that it is furprifing the Europeans 
_fhould remain unaffected by this cold; and flight. 
it as unable to produce ice in their quarter of the 
world, From all which one might be ready to con- 
clude with Dr. Derham t, Profeflor Muffchenbrock ||, 

and others, that the farther north we go, it takes 
the greater degree of cold to freeze water. And 
what might ftrengthen fuch a fufpicion is, that I 
found fome of the Dutch mercurial Thermometers 
made at Am/fierdam in which the freezing point was. 
marked at gr. 32, to be a degree or two lower here 
when immerfed in thawing fnow or beaten. ice be- 
ginning to melt. 


14, But Iam convinced all this feeming difference 
flows from the careleffhefs of obfervers, or errors 
of the workmen, Or what if Dr. Grilli kept his 
weather-glafs fhut up and fheltered in a houfe while 
it freezed abroad? As I know is but too ordinary 
with thofe who pretend to keep regifters of the wea- 
ther. To fatisfy myfelf in this article I took a very 


* Atlas Sinenf. p. 27. See too Boyle Exp. on Cold. 
Abr. 1, p. 577. Reaumur in Mem, Ac, Sc. 1734, 
P2333. + Phil. Tranf. Ibid, 

j Eff. de Phyf. § 913. 
; Bw fair 
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fair method of enquiring if there was really any 
fuch difference in the cold of freezing water in dif- 
ferent climates. I marked two mercurial ‘Thermo- 
meters here in the latitude of 56 deg. 20 min. and 
got a correfpondent. of mine to mark fome others 
at London in the latitude of 51 deg. 32 min. all at 
the freezing point in fnow or powdered ice melting. 
And upon exchanging thefe Thermometers we 
found them, when again immerged in thawing 
Mnow or ice, ftill to point at the very fame marks 
precifely without the leaft obfervable difference. 
Were there any odds occafioned by the difference 
of climates would not near 5 degrees of latitude 
have. fhewn it very fenfibly *? And at this fame 
very mark does the quickfilver ftand in fuch thaw- 
ing ice or {now at alk feafons of the year, in fum- 
mer Or winter, in cold weather or warm weather, 
under a light or a heavy atmofphere, &c. From 
whence I conclude the freezing point to be a very 
conftant and fettled degree of heat, more fixed and 
determined than even that of bailing water, and 


* The univerfality and fixednefs of the term of con- 
gelation I can now affirm with ftill greater confidence 
and certainty after the trials I lately made, not only 
at London, but at Paris in the latitude 48 deg. 50 
min, and Dijon in the latitude 47 deg- 20 min. by 
which [ found that precifely the fame degree of cold 
was requifite to freeze water in Burgundy and in the 
ifle of France, as in our northern climates. 


confequently~ 
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confequently very fit to be one of the fixed limits 
in adjufting our Thermometers, 


15. The fixednefs then of the freezing point 1 
think we may take for granted, and fufficiently e- 
ftablifhed by thefe obfervations, notwithftanding 
what Profeflor Taglint may have faid to the con- 
trary; and the unneceflary conceflions Mr. De 
Reaumur thought fit to make on that head *: and 
the obfervations adduced by Dr. Mufichenbroek t, by 
- which he would prove the freezing of water to be- 

gin in various degrees of cold, depending on fome 
faline additional mixture from the air. All which 
may be allowed to fhew that in fome places and 
cireumftances water freezes more or lefs eafily, 
though the degree of cold in this act of natural 
freezing be, for any thing we can perceive, in all 
pretty nearly the fame. 


16. The cold of Water beginning to freeze, or 
which is the fame thing, of Jce beginning to melt, 
Is fuch a convenient fixed point, fach a remarkable 
period of heat and cold, and withal fo eafily de- 
termined by emerging the bulb. of the Thermome- 
ter in thawing Snow or Ice, that it is furprizing fo 
few have taken it into the {cale of their Thermo- | 

meters, that theirs might be the better compared 


* Mem. Acad. Sc. 1730. p. 7#2. 
+ Tent. Acad. Cim, Add, p, 184, 185. Eff. de Phyf- 
$913, &c. 
B 3 with 
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with other people’s obfervations. We are not ab- 
folutely fure even of this part of the fcale of the 
Florentin weather glafies. And the French have not 
yet precifely determined the freezing point in Mr, 
De la Hire’s ftandard Thermometer of the Obfer- 
vatory, by which the regifter of the weather has 
been fo very long kept ; and with which they fome- 
times compare other obfervations: And moft of 
the other obfervations of the Weather both in the 
Memoirs of the Academy of Sciences, and in the 
Tranfactions of the Royal Society are done with 
Thermometers fo negligently conftructed, that we 
‘are left altogether uncertain of their degrees of 
heat: moft of thofe that have the freezing point 
marked on them having it very erroneoufly gradu- 
ated, and alfo having no other determined or known 
period of heat; and fo coming to be as indefinite 
and uncertain as the others. 

17. The great Sir J/aac Newton thought the fet- 
tling the degrees of Heat and Cold well worth his 
notice ; and, as he carried every thing he meddled 
with beyond what any body had done before him, 
and generally with a greater than ordinary exa¢t- 
nefs and precifion, fo he * laid down a method of 
adjufting ‘Thermometers in a more definite way than 
had been done hitherto. We have already + found 


* Ph. Trane Abr, IVs 3.. p, asec. 
T0432: 


it 
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it neceffary, at leaft convenient, to fix on two de- 
termined periods of heat to make up an intelligible 
{cale of its various degrees. We have likewife t 
found Water freezing and Water boiling to be in 
two points of heat very convenient for fuch a pur- 
pofe. And thefe are the very degrees of heat he 
pitched upon. The liquor he ufed was Linfeed 
Oil, a homogeneous fluid enough, and capable of 
a confiderable rarefaction, and not having been ob- 
ferved to freeze even in very great colds, and able 
to bear a great heat without boiling. Suppofing’ 
the bulb when immerged in thawing /now to con- 
tain 10000 parts, he found the oil expanded by the 
heat of the human body fo as to take up 55 more 
fpace, or 10256 fuch parts ; and by the heat of 
Water boiling ftrongly 10725; and by the heat of 
melting Tin 11516, beyond which he did not carry 
his Oil Thermometer. So that, reckoning the 
freezing point as a common limit between heat and 
cold, he began his fcale there, marking it gr. o; 
and the heat of the Auman body he made gr. 12; 
and confequently the heat of doiling water was ex- 
preffed by gr. 34 = Usk ; and melting Tin by 


aliens 
18, I wifh the world would have received this or 


any other determined {cale for adjufting their Ther- 
mometers. ButI fuppofe they might be apprehen- 


$ § 8 14. 
. five 
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five of fome inconveniences in this fcheme. Befide 
fome inconfiderable arithmetical errors in Sir //aac’s 
paper, and fome few not accurately enough made 
objervations of no great moment, they would al- 
lege * that he had exprefled himfelf as if he had 
thought the point of freezing Water to be the low- 
eft degree of heat. And indeed he has not men- 
tioned any winter cold beyond that; though, as we 
fhall take notice on another occafion, we fometimes 
experience vaftly intenfer colds: in confequence of 
which it would be eafy to protract Sir J/aac’s fcale 
downward below gr. 0, or the freezing point, and 
fo to make it as ferviceable in common ufe, even 
for great degrees of cold, as other Thermometers, 
But there is another difficulty which will hold in 
all oil Thermometers, or any made with a vifcid 
jiquor, that it adheres too much to the fides of the 
tube. Inafudden cold or fall of the oil a good 
deal fticks by the way, and only finks gradually af- 
ter, fo that at firft the furface appears really lower 
than the prefent temperature requires, And befide, 
as at all times fomie muft continue to ftick and 
moiften the infide of the tube, in different degrees 
of heat and cold, the oil becoming alternately more 
or lefs vifcid, will adhere fometimes more and 
fometimes lefs ; and therefore will inevitably difturb 
the regularity and uniformity of the 'Thermome- 
ter. 


* See Amontons in Mem. Acad. Se, 1703. P- 233. 
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19. The Florentin Thermometers made with fpi- 
rit of wine were by no means fo liable to errors of 
this kind. The fpirit indeed muft moiften the in- 
fide of the tube: but as this is fo very thin a li- 
quor, it is probable that moiftening is always pretty 
uniform, and extremely thin; fo as that it can have, 
no other effect but to render the tube a very little 
narrower. And fo truly rectifted fpirit of wine has 
been more ufed in ‘Thermometers than any other 
liquor. It is very ticklifh, is eafily and very. much 
affected by heat and cold; nor does it foon gather 
air bubbles, as watery fluids are ready to do even 
in no very great heats. But, as we faid before *, 
thofe fpirit Thermometers did not ufe to be redu- 
cedto a fixed ftandard. At length Mr. De Reaumur + 
has in a very ingenious way attempted to eftablith 
a general conftruction of fuch ‘Fhermometers, 
which might be copied at all times, and in all coun- 
tries: and fo to fettle, as it were, a general cor- 
refpondence of obfervations that fhould be made 
by fuch inftruments. He adjufted his Thermome- 
ter to the freezing point by an artificial mixture ; 
and then, immerging it in boiling Water, found how 
much it was dilated by that heat, in the way Sir 
Lfaac Newton had managed his oil Thermometers. 
The quantity of {pirits in his glafs he fuppofed to 
be 1000 parts; and he found to the bulk of how 


* §3. 4. 16. 
x Mem. Acad, Sc. 1730. p. 645, &c. 


many 
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many of thefe parts the liquor was dilated by that 
boiling heat. ‘The ftronger the fpirits, this dilata-_ 
tion is found always the greater. The belt fpirit 
of wine commonly fold from this artificial freezing 
of Water to that boiling heat was dilated 873 of 
thofe parts *: and a mixture of fuch a ftrong fpi- 
rit and water in equal portions (which would be a- 
bout the ftate of common Brandy) was expanded 
only 6.4 fuch parts ¢. He fpeaks too of a fpirit 
fo ftrong as to have the dilatation of go in its bozd- 
ing heat t. But what he judged moft convenient 
for his ordinary Thermometers was a fpirit of fuch 
a degree of ftrength as in the above period of heat 
to be dilated juft 80 of thefe 1000 parts **, 


20. This imitation of Sir J/aac Newton with {pi- 
rit of wine inftead of oil is a promifing enough 
method of making a fettled ftandard fcale for 
Thermometers ; and accordingly one of them con- 
ftructed by Mr. De Reaumur himfelf is now placed 
in the royal obfervatory at Paris; and a journal 
kept of the weather by it. And others conftructed 
in the fame way have been fent to different quar- 
ters of the world to compare the degrees of heat 
of different climates: a project long ago of the 
great Colberi’s +, but never till now fatisfactorily 


* Abid ps 690; t Ibid. p. 692. 
t Ibid. 1734. p. 261. 

** Tbid, 1730. p. 697. 608. and fig. 8, 
| See Mem. Acad, Sc, 1702. p. 209. 
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executed. QObfervations have been made with them 
in the Torrid Zone. And the French Academici- 
-ans had them in their philofophical embafly to the 
north for determining the figure of the earth, 
And yet Iam afraid thefe Thermometers are con- 
firucted on principles, that will by mo means be 
found fo accurate as were to be wifhed and expeé. 
ed in fuch a cafe. Mr. De Reoumur { determines 
his freezing point, not from thawing /now or ice, 
but from an artificial congelation of water in warm 
weather. And as he * ufes very large bulbs for 
his giafies, it may be 3 or 4 inches in diameter, I 
am apt to think that, before the due temperature 
of the furrounding ice can be thoroughly propa- 
gated to the whole contained {pirits, it will be quite 
melted down again; and fo the freezing point 
marked much higher than what it fhould be +, 
He indeed {+ fpeaks of a quarter of an hour as fuf- 
ficient to bring the contained fpirit to the tempera- 
ture of the ambient medium. But as far as I can 
judge from my obfervations (and many have I made 


t Ibid. 1730. p. 655. 656. 680. 681. 712, 
“* Thid. p. 660. 710. 


_ + From collating fome obfervations together [ rec. 

kon Mr. De Reaumur’s mark of freezing water, inftead 
of coinciding with Fahrenbheit’s gr. 32, as it fhould do, 
to correfpond with gr. 34 or a little above tt. 


tt Ibid. p. 711. 
on 
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on this fubject) it would rather take fome hours to 
penetrate thoroughly fuch a great bulk of any hi- 
quor, and reduce it fully to its own degree of heat. 
And fo Thermometers of great bulbs can never be 
ufed with fuccefs, or trufted to in common expe- 
riments of the heat of bodies, or obfervations of 
the weather: as we may be fatisfied by collating 
the feveral obfervations in the royal obfervatory 
made with De la Hire’s and De Reaumur’s Thermo- 
meters, which at different times I find to quadrate 
very ill together, juft I fuppofe from that caufe of 
the different fizes of their bulbs *. For large bulbs 
can never be fo quickly influenced by great and fud- 
den variations of heat and cold, as to make thefe 
changes, if they laft but a fhort while, fufficiently 
‘remarkable, orto fhew their real and full quanti- 
ties. Small bulbs and {mall tubes are (notwith- 
ftanding the imaginary faults‘and difficulties ftarted 
againft them by Mr. De Reaumur +) vaftly more 
convenient, and may be conftructed fufficiently 
accurate. Ihave them made with capillary bores 

that correfpond almoft precifely to one another in 
all degrees of heat; and confequently muft be al- 
lowed to have all the exactnefs that can be imagin- 
ed or defired in fuch inftruments, 


* The diameter of the bulb of Mr. De Reaumur’s 

I found to be about 33 inches; while the other was 

_ defs than 2 inches. + Mem. Acad, ‘Se. 1730, 
p- 650. 656. 659. 

21. But 
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21. But if we cannot truft to Mr. De Reaumur’s 
point of congelation, what thall we fay to his other 
fixed term, to wit, the heat of boiling water ? ‘This, 
Ihumbly think, is, under his management, ftill 
more vague and uncertain, As water, were it fur- 
rounded by melted tin, though it would boil and foam 
and fuffer very great agitation, is yet incapable of be- 
ing warmed beyond its ordinary great boiling heat, 
and continues always much colder than melted tin; 
juft fo, as I experienced upon trial, fpirit of wine, 
though immerged in boiling water, can never ac- 
quire near fuch a great heat, but keeps always a 
good deal under it, though bubbling and foaming 
and tofled to a very great degree. The fpirit then 
in the Thermometer is abfolutely incapable of fuch 
a great heatas Mr. De Reaumur afcribed to it; 

and that not by a fmall or trifling difference, yf 
find highly rectified f{pirit of wine cannot be heated 
beyond gr. 175 or fo in Fahrenheit’s Thermometer, 
while boiling water raifeth the quickfilver 37 de- 
grees higher: and common brandy was able to 
conceive a heat no greater than about gr. 190. So 
far was Mr. De Reaumur in the wrong when he 
thought that all fpirits, weak and ftrong, immer- 
ged in Loiling water received a given degree of heat, 
and that equal to the heat of the furrounding wa- 
ter. I fuppofe his ftandard fpirit could take on a 


heat of about gr. 180; lefs by 32 degrees than 
what he reckoned. 


Cc 22. Befide 
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22. Befide all this I truly think fpirit of wine, 
though good enough for ordinary weather- glafles 
in temperate climates, is yet not fo fit a fluid 
whereof to make ftandard Thermometers. It is - 
incapable of bearingvery great heats, or very great 
colds. it boils fooner than any ether liquor. And 
though it keeps-fluid in pretty ftrong colds, yet it 
would feem from fome experiments that it does 
not condenfe very regularly .in them. ~-And a, 
Torneao near the polar circle the winter -cold was 
fo violent, that the fpirits were frozen in all their 
Thermometers *. - So that the latitude of heat 
fpirit of wine is capable of exprefling is by much 
too limited to be of very great or univerfal ufe. 


23. What fluid then fhall we take for our Ther- 
mometers? We have found inconveniences in Air, 
Oil and Spirits ; and Water is more exceptionable 
than any of them. Wehave, it feems, nothing | 
left but Quickfilver. This is a very moveable and 
ticklifh fluid; it both heats and cools fafter than 
any liquor we know, or have had occafion to try, 
fafter I am fure than water, oil or even fpirit of 
wine; it never freezes by any degree of cold hi- 
therio obferved; and bears a great deal of heat 
before it arrives at ‘a boiling expanfion ; and, if 
well purified, does not wet or ftick to the infide of 


* See de Maupert. Fig.8de Ja Terre, p. 58. 
| the 


os 
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tlie tube. Dr. Halley *, though apprifed but of 
fome of thefe remarkable properties, thought ita 
fluid very fit for Thermometers, were but its ex- 
panfion more confiderable. However as any in- 
convenience arifing from this confideration may be 
avoided by making the bulb have a great proporti- 
on tothe tube, fo it is now very defervedly come 
to be in the greateft ufe in the Thermometers that 
people would moft truft to. It is faid + that they 
were firft contrived by that curious Mathematician 
Olaus Roemer. Myr. Fabrenheit in Amferdam, and 
ether workmen in that country manufactured very 
many of them, and that in a portable and mighty 
conyenient form for many purpofes, making them 
very finall, and inclofing the tube in another glafs 
hermetically fealed. From Holland they were dif- 
tributed into differemt quarters of the world, and 
have been imitated in fome other places. And now 
they are made no where in greater perfection or 
with greater exactnels than by our countryman | 
Wilfon at London. 


24, As Reemer’s or Fabrenheit’s fcale is convent. 
ent enough, I wilh it were univerfally kept and 
ufed, to preferve an uniformity in our obfervations ; 
and fo that every body, when they {peak of expe- 
riments wherein ‘the heat of bodies was adjufted, 


* Phil. Tranf, Abr.-Il. p. 34. 


+ See Boerh. Chem. I. p. 720. 
C 2 or 
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or pretended to be obferved by Thermometers, 
were to have the fame language; and fo be uni- 
verfally underftood. 

In this hermometer the bulb is fuppofed to 
contain, as Dr. Boerhaave * and Dr. Muffchenbrock + 
tell us 14124 parts of quickfilver, which ftands at 
the loweft mark or gr. @. in a very intenfe intole- 
rable cold, being furrounded with a mixture of 
fnow or beaten ice and /a/ ammoniac or fea falt t. 

lf the fame buib be immerged in fnew or ice 
thawing naturally, or in water beginning to freeze, 
the quickfilver is dilated, and fo rifes in the tube 
32 of thefe 11124 parts; and therefore the fpace 
of the tube from gr. 0. to the freezing point gr. 
32 is divided. into thefe 32 equal parts ||. 

When the Thermometer is placed in water 
brought to ftrong boiling (the atmofphere being in 
the condition formerly mentioned ++-) the quickfil- 
ver is dilated 212 of thefe parts beyond its original 
bulk of 11124, fo as now to poflefs in the bulb 
and tube together a fpace equal to 11336 fuch 
parts : and the fpace from gr. 32 to gr. 212 is di- 
vided into 180 equal parts or degrees of the Ther- 
mometer 4; which, if the tube be long enough, 


* Chem I. p. 174. + Eff. de Phyf. § 948. 
{ Fahrenh.- in Phil.. Tranf. Abr. VI. 2.-p 99. 
Mufichenbr. Diff. Phyf. p. 680. Eff. de Phyf § 948. 
|| Fahreth. in Phil. Tranf. Abr. VI. 2. p. 52. 
H+ § 9. 
@ Fahrenh. in Phil, Tranf, Abr, VI. 2. p. 18. 52. 
ey 
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may be protracted-as far as is convenient. It may 
go well enough to gr. 6e0, and not much farther ; 
for with a heat but little greater than thatthe Mer- 
cury begins to boil. | 


25. Dr. Boerhaave is not always quite confiftent 
‘with himfelf in his accounts of the number of parts 
into which the mercury in the bulb is fuppofed to 
be divided. In another place *, inftead of 11124 
he reckons only 10782 ; and afterwards + he raifes 
it to-11¢20 (which I take to be nearer the truth) 
and yet ftill fpeaks of a given heat as expanding 
the quickfilver the fame number of parts as in the 
other fupputation. Which of his fuppofitions is 
right I am not abfolutely fure of before making 
trial, nor need we muchto care. For without all 
that apparatus I humbly think the eafieft and fureft 
way too, and what in practice I have followed, is 
not to be folicitous about the@bulk of the quickfil- 
ver; but to fill the bulb and tube fo, as that in 
freezing water or melting ice the mercury {hall 
ftand at a convenient height, which muft be 
very nicely marked gr. 32 ; and then as accurately 
to obferve where it ftands when dilated by the heat 
of boiling water to gr. 212. The intermediate {pace 
is then divided into 180 degrees: which fcale may 
be protracted upwards and downwards as far as we 
fhall judge convenient. In the conftruction of 


* Chem. I, p, 165,,-"F Ibid. Expl, Tab, V..fig. 3, 
C3 thefe 
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thefe Thermometers the two great limiting or fixed 
points being friezing water and boiling water; 
which we found to be the moft convenient periods 
of heat for adjufting thefe inftruments. 


26. Indeed in all this we have fuppofed the bore 
ef the tube to be perfectly cylindrical ; which can- 
not always be obtained. But though it be tapering 
or fomewhat unequal, it is eafy to manage that 
matter by making a {mall portion of the quickfil- 
ver, as much for example as fills up a half or, if 
you pleafe,.a whole inch, flide backward and for- 
ward in the tube; and by this means to find the 
proportions of all its inequalities, and from thence 
to adjuft your divifions to a fcale of the moft per- 
fect equality. 


a7. The conceiving the bulk of the contained 
mercury at the beginmling of the fcale to be either 
10782, or 11124, or 11520, or, as I guefs it fhould 
be, near 11790 parts, and its expanfion from 
thence by the heat of boiling water to be 212 of 
thefe parts, was to be fure a divifion originally 
quite arbitrary. » And I confefs there might have 
been a more convenient one fixed upon at firft, and 
adopted yet, if this were not now fo univerfally 
known and ufed; and Thermometers conftructed 
in that form every where fcattered up and down, 
and in‘the hands of moft of the Virtuofi in £u- 
yope. I fhallreadily allow that Mr. de? [fle’s at 
Peter fburg 
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Peterfourg might have had a greater look of fim- 
plicity.. *In his the whole bulk of quickfilver, 
when immerged in boiling water, is conceived to 
be divided tmto 10000, or rather 100000 parts: 
and from this one fixed point the various degrees - 
of heat either above or below it are marked in thefe 
parts on the tube or fcale, by the various expaniion 
or contraction of the quickfilver in all the imagin- 
able variety of heat. ‘* As pure mercury,” fays he, . 
*¢ is of the fame nature every where, nor is liable 
“ to any alteration from being inclofed in a tube; 
«* and as it is probable that, taking it equally puri- 
«¢ fied, it will in different countries be fubjeé& to 
‘« the fame expanfion, if expofed to the fame de- 
‘¢ sree of heat; for this reafon he is perfuaded 
 thefe Thermometers may very well ferve to 
compare the temperature of different coun- 
€ tries.’ And indeed fuch a conftruction bids 
fair for being a very good ftandard method for 
graduating ‘Thermometers all in. the fame way ; and 
is much lefs liable to uncertainties than that fimilar 
one of Mr. De Reaumur, whereof we have already 
given an account +. However if Mr. De /’ Tile 
had pleafed I cannot but think it would have been 
rather fomething better to have made the integer of 
109600 parts, or fixed point at freezing water . 
and from thence to compute the dilatations or con- 


* Phil, Tranf. N, 441. p. 222. 


a, 120, Qt. 
denfations 
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denfations of the quickfilver in thofe parts. All 


the common obfervations of the Weather, &c, : 


would have been exprefied by numbers increafing 
as the heat increafed ; which furely is the more na- 
tural way. Nor would there have been great in- 
conpruity or inconvenience in expreMing, after the 
manner of Mr. De Reaumur, the few obfervatians 
we have below fimple freezing by numbers of con- 
traction below gr. 0, Or 100000. 


28. But, as I faid before +, however promifing 
in theory fuch a fcheme may appear, it will not in 
practice be found very eafy to determine exactly all 
the divifions from the alteration of the bulk of the 
contained fluid. And betide, as glafs itfelf is di- 
lated by heat, though in a lefs proportion than 
quickfilver, fo that it is only the excefs of the di- 
latation of the contained fluid above that of the 
glafs that is obfervable; if different kinds of glafs 
be differently affected by a given degree of heat, 
this will make a feeming difference in the dilatations 
of the quickfilver in the Thermometers conftructed 
in the Newronian method, either by Mr. De Recu- 
mur’s, or Mr. De I Ife’s rules. Now Dr, Boer- 
haave * from Fahrenheit’s obfervations fpeaks of 


different kinds of glafs as very differently affected © 


by heat. And upon enquiry I was informed that 
Dr. Muffchenbroek found by his Pyrometer, that 


+ §. 12. °* Chem. I, p. 41. 


tubes. 


| 
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tubes of different forts of glafs were varioufly af- 
fected, fome more, fome lefs, by the fame degree 
of heat. From whence Thermometers conftrudied 
of fuch different forts of glafs would neceffarily 
make the feeming dilatation of the contained fluid 
appear at different degrees in the very fame point 
of heat. And accordingly Mr. Campbell, an inge- 
nious and worthy member of the Royal Societys 


has, by experiments made with all imaginable ex- 


-aétnefs and fcrupulofity, found in Thermometers 


conftructed in Mr. De f Ifle’s ways the quickfilver 
to ftand at different degrees of the fcale when im- 


merged in thawing fnow. In fome it was at gre 


154, in others at 156, and in another at 158: and 


emptying the tubes, and preparing them again, and 


‘that fometimes with other mercury, he always, 
even in a great many trials, found the refult come 


out the very fame. So careful and exact had he » 


been that the fame tubes give always the fame de- | 


grees of dilatation as nearly as could be expected 
in fuch nice and fubtile experiments. One of Mr- 
De Lfle’s own Thermometers, which I tried very 
carefully, gave me always the quickfilver at about 
gr.i50. In another of his, where on the one fide 
he has put Fahrenheit’s {cale, I fee gr. 32 over a- 


gainft his own gr. 148 4 In one conftructed by 


Mr. De Monier at Paris on De [ Jfe’s principles I 


faw the terme de congelation put down at gr. 148° 


Nay by Mr. De ? ffle’s own accounts I find his 
Weather-glaffes difagreeing confiderably from cne 
anothers 
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another. So uncertain and precarious would this 
way of conftruCing Thermometers feem to be: 
From all which I humbly think, that it is bette™ 
and more convenient to drop this method altos 
gether, and to fix on two points of heat at a con* 
fiderable diftance. the one from the other; and to’ 
divide the intermediate fpace of the tube into a 
convenient number of equal parts or degrees: as 
we juft now propofed * to be done in our imita- 
tions ef Roemer’s or Fahrenheit’s Thermometers. 


29. To enlarge our views of heat, and to enable 
us to compare other Thermometers with thefe 
(which after this I wifh were always to be the ftan. 
dard) it would not be amifs to obferve a great ma~ 
ny remarkable periods of heat and cold that have 
been taken notice of by others, and to determine 
where they fall on Fahrenheit’s fcale. We fhould 
determine about what degrees on it the feveral forts 
of weather are marked; the various degrees of a- 
nimal heat; what degrees of heat reduce fuch and 
fuch confiftent bodies into a fluid ftate; the quan- 
tities of heat required to boil the fluids we have oc- 
cafion to try, @c. But the comparing the differ- 
ent Lhermometers which have been in ufe in the 
world; and the determination of the various de- 
grees of heat in bodies make fruitful enough fub- 
jects for other curious and ufeful enquiries. 
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| y E had occafion formerly to take notice of 
W the great uncertainty of thermometrical 
obfervations by reafon of the vague and inconftant 
way that people had of making their inftruments. 
However it will be worth while narrowly to en- 
quire, as far as ‘our lights can carry us, into the 
principles on which they were conftru¢cted; and if 
we can find out thefe principles fo as to compare 
the old Thermometers with any regular one we are 
well acquainted with, we fhall refover, as it were, 
the loft obfervations of our® predeceffors; loft for 
}want of knowing the meaning of their numbers 
and graduations. And then objervations made at 
| different times and places by any known inftru- 
D ments 


A 
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ments will be no longer ufelefs memorandums. We 
fhall be able to compare them «with »one anothers 
and with our own obfervations, ‘and with the de- 
grees of heat we are acquaimted with. | 


9. As Sanélovio feems tobe the firft who had a 
notion of meafuring the various degrees of heat 
by the dilatation of bodies, people will be be apt 
to expect, and many will fondly wifh, that he had » 
left us his method of numbering the degrees of his 
Thermometers. Though to acknowledge the truth 
it would be.a matter of more curiofity than ufe, as 
they were affected by the difference of weight of 
the atmofphere,, as well as by the difference of heat 
of the ambient medium. 20 remedy which incon- 
venience the Virtuofi of the Cimentin Academy 
contrived their Thermometers in a better way ; 
carefully fealing up the included fpirits from any 
influence of the gravity of the Atmofphere; and 
marking on the tubes, or on the fcales fixed to the 
tubes, numbers whereby to judge of the various 
dilatations of thofe fpirits by the various degrees 
of the heat applied. 

T am furprifed to find Dr. Aduffchenbrock *, who 
had been at the pains to give a Latin tranflation of 
their whole work and to enlarge and embelifh it 
with excellent additions, reprefenting thefe Floren. 
vine Thermometers as conftruéted in a very loofe, 


arbitrary 
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arbitrary and indefinite way, and. without any rule 
at all. This is an imputation to which they are 
lefs liable than many others that came after them. 
They made them of feveral forts, fome with great- 
er and fome with lefs accuracy. But in the con- 
ftruéting of thofe in which they could moft con- 
fide +, they tell us exprefly at what degree the {pi- 
rit ftood inthe ordinary cold of fimple ice or fnow. 
Which, as their experiments were done within 
doors in Italy, I take commonly to have been in a 
thawing ftate, and confequently to point out to us 
the degree of freezing water, which we found { 
to be a very fixed period of heat and cold, coin- 
ciding, we know ||, with our gr, 32. Thus in their 
iit fort this point of heat fell at gr. 20.4; and in 
their 2d to about gr. 134 **. 

_ So then we have one fixed and intelligible point 
of heat in their Thermometers, which is more than 
we have in thofe of many others. But from one 
point we cannot judge of the reft of the numbers : 
and it muft be confeffed their higheft degree of 
heat is not defined in a way we could have withed. 
They tellus that in their frft or long ‘Thermome. 
ter the foirit, when expofed to the great midfum- 
mer heats,in their country, ‘rofe to where they 


+ Tent. Exp. Acad, Cim. p. 5. 
vd, EMS, §44. 

| Ibid. § 24. 

®> Tent. .Pxp.! AcadlCim, p. 2.7. 
** [bid II. p. 129. ) 
2 : marked 
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marked gr. 80 *. And the Spirit in the 2d or 
{maller Thermometer in fuch a heat ftood at gr- 
40 +. This indeed isa very incongruous way of 
graduating Thermometers ; as the great heat of 
the fummer fun is fuch an indefinite degree of heat 
in different days, years, climates, @e, And yet 
by good chance there is left us a way to judge of 
the particular fummer heat they happened to pitch 
upon; and of finding whereabouts it would have 
fallen in a Thermometer conftruéted in Fabrenheit’s 
way, which we have taken up as our ftandard. 
To affirm this willl know be looked on at firft 
fight as pretending to a thing in itfelf loft and now 
impracticable. But Borelli and Malpighi, two cu- — 
rious and careful obfervers of nature, luckily had 
occafion to tell us that the vicera of fome hot ant- 
mals, fuch as of Cows, Deer, Wc, raifed the fpirit 
in the fmall Flerentine Thermometer to about gr. 
qo. the very degree of this their fummer fun heat, 
And that animal heat I find to coincide with gr. 
~ 402. or thereabouts in ours. From which two pe- 
riods of heat determined in both Thermometers — 
we can make a pretty good eftimate of all obferva- 
tions made by any of the regular and well con- 
{tructed Florentine glaffes ; as we may fee by look- 
ing on the table at No I. HL. IL. 


3. The Thermonieters that came to be ufed in 


* Tbid.p. 2.4. + Ibid. pi %: 
the 
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the world were all imitations of thofe of the /ca- 
demia de I Cimento, but not conftruéted in fuch a 
regular way or upon fuch determined principles. 
In France Mr. Hubin was employed in making them 
for the Academie des Sciences at Paris. But we find 
‘they were not made all perfedily alike. The /ndian 
Mifionaries * tell us that they ufed thofe that were | 
graduated loweft. However we may reckon at a 
mediam that which Mr. Amontons gives us a view: 
of inthe memoirs +, under the name of the An- 
cienne Thermometre.. In it the freezing point was 
at er, 25, correfponding confequently to Fabren- 
beit’s gr..32; and the heat of the cave of the ob- 
fervatory was gr. 50. which I know to be our gr- 
53. So-that the comparifon is eafy in the table at. 
-No I IV. 


4. But I know not many. obfervations made with: 
this Weather-glafs, It is much more to our pur- 
-pofe to know the conftruction of that very remark-: 
able one of Mr. de /a Hire, that has ftood in the 
Royal Obfervatory at Paris above thefe threefcore- 
‘years, and by which a regifter of the Weather has: 
been conftantly kept.. And yet we cannot but re-- 
gret, that neither Mr. de /a Hire himfelf, nor any. 
of thofe that fucceeded. him in that office, have 
been at the pains exactly to determine any two» 


* Mem. Acad. Sc. 1666,—— 1698. VIL, p. 835. 
+ Memi.Acad, Se. 9793.-p. 53.- 
D 3 points: 
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points of it, fo as that we may be enabled to imi- 
tate it; or compare it with other ‘Thermometers ; 
though I hope we fhall be able to trace it pretty 
near the truth, We are exprefly told, that the 
Spirit in it always ftands at gr. 48. in the cave of 
the Obfervatory *; correfponding by this to gre 
53. in Fahrenheit’s, And when it freezes in the 
fields they fpeak of their Thermometer ftanding in 
the open tower as pointing at from gr. 30. to gr. 
32 4: fomething below which the real ee of | 
freezing would be, And from fome concurring 
circumftances and obfervations I reckon this would 
fall to about gr. 28. correfponding to our gr. 32, | 
as in the table No I. V. We have an obfervation 
of Myr. dela Hire himfelf; whereby we find that 
his gr. 28. correfponded with deg. 51. lin. 6. in Mr. 
Amonions’s Thermometer f. 
P 


5. Mr. 4monions made a fine ftep to fettle an u- 
niverfal ‘Thermometer, had it not been for fome 
inconveniences of which we had occafion to take 
notice formerly ||. In his the freezing point was at 
dig. 51. lin. 6, where our gr. 32 3s; and the heat 


* Mem. Acad. Sc. 17¢0, p. 8. 1701. p- 10 1702. 
Ps 5+ 1703. Ps 3. 1704+ P+ 2.1705, Po 4: 1706. px. 3s 
1707, Pp. 26 1708. p. 61. 1709. Ps 3+ 1710. p. IAI 

+ Ibid. 1702. p.5. 1704. P- 4. 1705. Pp. 4. 17C6. P. Ze 
1707. p. 2.1708. p.62+1709. pe 3-1719. Pe 141. I71T, 
p. a. 

+ Mem. Acad. Se. 1710. p. 142. 

Ae Eff, 1 §. 10. 7 


of. 
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of boiling water at dig. 73) where Fahrenheit’s is 
at gr. 212. Whence they can eafily be compared 
_together, as in the table NO I. VI, 


6. * The Marquis Poleni gives us the refult of a 
vat number of excellent and well made meteoro, 
logical obfervations; in which the heat and cold 
are meatfured hee a Thermometer conftru€ted in 
Mr. Amontons’s way. But as his numbers are con- 
fiderably different, I though: it well worth while 
to give aicheme too of his Thermometer in the 
table at No VII. 


7. Mr. de Reaumur was very fenfible of the dif- 
ficulties of Mr. Amontons’s conftru€ion, and pro- 
pofed a new and more certain way, as he thought, 
of making Thermometers. He determined to be- 
| gin his fcale at freezing water, affd at boiling water 
marking gr. 8©; dividing the intermediate {pace of 
the tube into fo many equal parts. I have on an- 
other occafion + given my Reafons for thinking he 
was in fome miftake with refpeét to both thefe two 
periods of heat. But.as many very curious and 
ufeful obfervations have been made with his Wea- 
ther-glaffes, it will be of fingular ufe to find out the 
correfpondence of his feale with that ot Fubren- 
heit. His boiling water heat is really only the boil- 
ing heat of weakened fpirit of wine, coinciding 


* Phil, Tranf. 421. p. 205. 
fF Eff, 1. §. 20, 21. 
nearly 
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nearly, as I guefs, with Fabrenheit’s gr. 180. And 
as his gr. 10 Fis the conftant heat of the cave of 
the Obfervatory *, or our gr..§3, thence I find his 
freezing point, inftead of anfwering jott to-our gre 
32 to be fomething above gr. 34; as in “he table 
No LVL a 


8, On principles very like thofe of Mr. de Reaa- 
mur Mr. de? Ife conftruéted his Mercurial ‘Vher-. 
mometer. But initead of freezing cold he began 
his fcale at the heat of boiling water, and, invert- 
ing the common order, marked downwards the fe- 
veral degrees according to the condenfations of the 
contained quickfilver ; and confequently by num- 
bers increafing as the heat decreafed. ‘Chis, as 1 
obferved +, was not in all glafles fo uniform as 
were to be wifhed. But asin Mr. de / L/le’s own 
ftandards the freezing point is near to his gr. 1505 
coinciding with our gr. 32,* it is eafy to. compare 
obfervations ‘by them with the degrees of heat. 
marked in ours by the table at Nol, 1X. 


9: Mr. Crucquius * in Holland has made many- 


curlous and accurate meteorological oblervations. 


with an air Thermometer. In freezing water the 
whole volame was 1070, in boiling water 15.10 3. 


* Mem. Acad. Sc. 1730. p. 503. 
+ Eff, L, § 28. 


* Phil, Tranf. Nv 381. p.. 4 
fo 


i 
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fo as to render it very eafy to collate his Thermo- 
meter with Fabrenheit’s by the table, No 1..1X. 


10, The moft common ‘Thermometers in England 
are thofe made (and commonly very carelefly made) 
after the Standard ne kept in the Royal Society. 

And many fafhioned on this plan by order of the 
Society have been fent iato foreign parts to eftablifh 
a correfpondence of obfervations concerning the 
weather in different countries. For which reafor 
it is the more incumbent on us to find out the prin- 
Ciples af its conftruation, fo as to enable. us .to 
eompare it with other Thermometers. ‘The {cale 
begins, or gr. ois marked at the top, | know not 
well upon what grounds, and thence the numbers 
increafe downwards as the heat decreafes. * In it 
it is aid to be Extreme hot about the top of the 
ficale, Hot at gr. 25,~Temperate at gr. 45, and gr. 
65 is marked as the point of freezing. But by trials 
made with fome Thermometers that had been ad- 
jufted pretty exactly with the flandard one in the 
Society houfe I found that the fpirit fell to about 

gr. 78 or 79 in thawing fnow; near~14 degrees 
ewer than what had hitherto been reckoned. And 
this increafes the wonder ftill more how Dr. Cy- 
rill: + fhould have found the freezing point at 


* Phil, Tranf. WN, a29:-ps 103\N.:433. P.387-' 339° 
N. 434+ P. 407. 

¢ Ibid. N. 424. p. 336. N. 434. P» 407. 

: Naples 
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Naples fo high as gr. 55, if his ‘Thermometer was 
truly adjufted to the ftandard, 

_ But to compare this Thermometer with thofe of 
other people it is neceflary to find out where they 
correfpond in fome other period of heat. What is 
marked Hot or Temperate, &c. on it is indeed ves — 
ry eauivocal, But to put an end to the uncertain- 
ty. Itried and found by experience that-gr. 34 4 
anfwered to gr. 64 in ours. From whence their 
agreement is eafily determined for all the. reft of 
the {cale as in the table at No I. XI. 

11. Sir Laac Newton ¢ faw very well how vague — 
and uncertain all the Thermometers in common 
ufe were. And therefore he contrived a new one, 
which I am furprifed has gained fo little ground in 
the world, as it is fo fimple and fo eafily imitated. 
You but begin your fcale at Freezing, and the di- 
{tance from that to the heat of boiling water you: 
divide into 34 equal parts or degrees; which, as 
they are large, may be fubdivided at pleafure. How 
fuch a Thermometer anfwers to Fabrenheit’s is feen 


at No I. and XII. 


42. There isa Thermometer -in pretty frequent — 
ufe in England, wherein they conceive the middle 
temperature of the air as neither hot nor colds 
which therefore they mark gr. o, and number” 
both above and below; denoting by this means, as _ 


* Phil. Tranf, No 270. P. B24. 
' they 
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they conceive, the degrees of heat and cold of the 
ambient medium. It is Thermometers graduated 
in this way which they commonly have in their 
floves and green houfes for adjufting the refpective 
degrees of heat the various tender exotic plants re- 
quire for maintaining their life and vigour.. Ido 
not believe that thefe Thermometers are made up: 
On any regular or fixed principles. They com- 
monly indeed mark freezing at gr. 30 under 27, 0, 
But in Mr. Fow/er’s regulator, who furnifhes mot 
of the green-houfes with them, he, on my defiring 
him to try it, found that in melting fnow the {pirit 
fell to about gr. 34. under o, and I found by fome 
comparifons I made that his gr. 16 coincided oop. 
with our gr. 64. So that the whole correfpondence 
of this with Fahrenheit’s Thermometer is eafily de- 
termined, as in No I. XII, 


13. Dr. Hales * thought fit to employ a new 
conftruction of a Thermometer in making his cu- 
rious experiments. He began his fcale or loweft 
degree at freezing, or our gr. 32, and carried it 
up to gr. 100, which he marked where the {pirit 
ftood when the ball was heated in hot water on 
which wax fwimming firft begins to coagulate. In 
fuch water I found Fahrenheit’s Thermometer point 
at gr. 142: By which the two Thermometers might 
ealily be compared. But by experience his gr. 100 


* Vegs Stat. p. 37. 
falls 
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falls confiderably above our gr. 142. The refule 
from collating the two Thermometers together is 
at Ne. I. and XIV. Ata fpring head the Dodtor 
found his to point: at gr. 13, while ours fiood at 


= ~ 


gr. 48. 
14, At Edinburgh they have for thefe many years 
kept a very exact regifter of the weather, part of 
which is already publifhed in their Medical Eflays. 
For which it is well worth while to find out its re- 
lation to other Thermometers : which from what 
the authors tell us is eafily done. . For * when the 
bulb was immerged in melting fnow the fpirit ftood. 
$2 inches high, the heat of the human {kin raifing. 
it to 22’2 inches; fo that the intermediate 14 was. 
divided into inches and tenths of inclres. And the. 
heat of that perfon who graduated it I found to be. 
gr.97in mine. From whence the comparifon at 
any intermediate degree of nee is very eafy asin 
No, b,20V-c | 


15. We have heard of many other "Bhecnaaae 
ters, ahd of obfervations and regifters of Weather: 
kept by them. But they have been generally fo ill 
limited and defcribed, that they are of no manner. 
of ufe; and to whatever purpofe they might ferve 
their authors, are to us as if they never had been, 


é 


* Edinb. Med, Eff. I. p, 8 
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“NUCH is the nature of Fire and Heat, that con- 

tiguous bodies of various degrees of warm- 

nefs do naturally come to the fame temperature, if - 
inert and left to themfelves without any other in- 
trinfic principle heating or cooling the one more. 
than the other: The hotter body lofing, and the 
cooling one gaining fome degrees of heat ull they: 
all arrive, at an equilibrium. . Thus all inert bodies 
placed in our Air at firft heat or cool the particles 
next to them; but in procefs,of time they come all. 
to be of the fame temperature with it. See Boerd.. 
Chem. 1. p. 187. 188. 200. 281. Muffchenbr. Eff: 
de. Phyf. §. 961. The times of bringing about 
fach. effets, or reducing immerfed bodies to the: 
B72 ftate: 
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ftate of the ambient medium, being different, ac- 
cording to their relative bulks, denfities, figures, 
particular natures, ec, 


2. A body very hot placed in a colder medium 
cools gradually, at firft fafter and afterwards flow- 
er, as any one would expe¢t; and is fully confirm- 
ed by Dr. Muffchenbrock’s experiments *. But he 
did not attempt to fhew after what rule; or if it 
was after any regular manner that fuch a cooling 
was effected. He only affirms + in general from 
them that given quantities of heat are loft at firft 
in fhorter times, and gradually longer and longer, 
till the cooling be very flow, and at laft the heat of 
the body coincide with that of the ambient air, 


3. Sir [aac Newton's + view of this matter is 
vafily pretty, though not thoroughly underftood 
by Mr. Amentons |. Having heated a lump of from 
red hot, and with all the neceflary precautions ob- 
ferved the degrecs and times of the diminution of 
us heat when expofed to the cold air; he fuppofed, 
and that not without a great fhew of reafon, that 
while it was cooling the quantities of heat lof in 
given fmall times would always be proportional ta 
the heats fubfifting in it; reckoning the heat juft 


* Tent. Exp. Ac. Cim. Add. Il. p. 497-—57. 
““? Thid. p. sa, 2 
$ Phil. Tranf. Abr. IV. 2. p. 3 

} Mem. Ac. Sc. 1703, p. 238. . 
to 
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to be the excefs whereby it is warmer than the am-~ 
bient air. So that from the beginning of its great- 
eft heat tothe end or time when it came to the 
temperature of the ambient air, taking the times 
in an arithmetical progrefiion, the heats of the irom 
above the heats of the air, and the decrements of 
thefe heats will be continually proportional. For if 
there be a feries of quantities proportional to their 
differences, thefe quantities and differences will be 
in a geometrical progrefiion *. Whence the di- 
minution of heat in fuch a body is like the retard- 
ation of a projected body endowed with a certain’ 
originally impreffed force, and moving in a medi+ 
um with a refiftance always proportional to its ve- 
locity. And the progrefs of that decreafe of heat 
may be determined by what is commonly demon» 
ftrated of bodies refifted in that manner }. 


4. This I fay is a moft ingenious way of finding: 
out and determining thofe very great and burning: 
heats which no ordinary’ Thermometer can bear. 
But then it is not to be admitted: without fome re+ 
firi&ion. The hypothefis is more mathematical 
than phyfical, It gives a fine and beautiful, but 
not atrue view of nature. The heat of a body 
does not really decreafe exaétly in that proportion. 


* Newton. Princip. Il. Lem. 1. p. 230+ 
+ See Newton, Ibid. Prop,.2, Varign. in Mem. Ac 
Sc. 1707. P+ 504 &e. 
E 3 For 
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For were that truly the cafe; the body, though 
continually cooling, would take an infinite time to 
arrive at the temperature of the furrounding me- 
dium *, Which however in fa& we find to be ac- 
complifhed in a very moderate fpace of time, And 
that fooner or later according to the original heat, 
fize, denfity, or other circumftances of the heated 
body, and cooling medium. 


5. If you immerge a heated body ina cold air 
or other cold medium, that body will acquire a fort 
of atmofphere involving it all around, fomething 
warmer than the reft of the air, though a great 
deal colder than the body itfelf: fo as that the am-_ 
bient cold cannot affect the body, fo much as if it 
were quite naked and divefted of its atmofphere. 
But as this atmofphere is warmef{t in or near the. 
beginning, and gradually cooling along with the 
body, the ambient coldnefs will have a greater pro- 
portional influence towards the end than in the be-_ 
ginning. Whence though the body in whole takes 
a longer time to cool, the differential decrements 
will be in a proportion fomewhat greater than its | 
inherent quantities of heat. | 


6. But what way thall we determine the law of 
this decreafe, and how far it may deviate from the 
general and more fimple law of thofe decrements 


* See Varign. Ibid. p. 507. 509. 4 
| | being 
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deing proportional to: fuch ‘inherent quantities ‘of 
heat? I will not infifton any fpeculation as fuffi- 
sient to lead us to this. But we-may truft to ex- 
perience as. our beft guide. Obfervations carefully 
made and judicioufly applied will undoabied! y 
bri ing us into the right path, or at leaft very near 
it, Now asthe refult of many obfervations I find 
that the decrements of heat may be looked on as 
partly equable, and partly in proportion to the 
fubfifting heats; reckoning, as in the former hy- 
pothetis, thefe heats to be the excefles whereby the 
heat of the body is warmer than the ambient air. 
And confequently from the beginning to the end, 
caking the times in an arithmetical progreffion, 
thofe decrements may be refolved into two feriefes. 
In the one, and that for ordinary of much the 
greateft confequence, they are always in proportion 
to the heats themfelves, and fo in a geometrical 
progreffion, as in the general theory: while’in the 
other feries, indeed the leaft material, the decre- 
ments are as the times, or always uniform, that is 
equal quantities of heat loft in equal times. And 
fo the law of this decreafe of heat coincides with — 
the law of the retardation of a heavy body afcend- 
ing perpendicularly in a medium which refifts it in 
proportion to its velocity *, 


* See Newton. Ibid. Pr. 3. Varign« Mem, Ac. Sc, 
1708. p. i75, &c. | 
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7. To illuftrate this by*obfervation, I. chofe 
chiefly to employ Dr. Muffchenbroek's experiments 5 
as having been carefully enough done, and not 
liable to the objection that might be ftarted againft- 
mine, as if they had been made with a defign to 
be fubfervient to particular rules and_ theories. 
Though indeed it was the Obfervations that led me 
- to think ef any fuch rules taking place. 


In 
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In afmall bar of Tron. Mufichenbr. Tent. 
Acad. Cim. Add. Hi. p. 48. 


Degrees | Degrees| Degrees} Degrees 


of Heatlof Heatlof Heatjof Heat] The 
The |lof, by|lolt, by|let, by|lof, ac- | Differ- 


Times, |Obfer. {the firi|the 2d|cording jences. 
vation. |confide-}confide-}to cal. 


ae ration, {ration, {culation 
i 62’5 $9°4 2 | 60% t—1"9 
2 106 99 2°4 101'4  [—4’6 
3 128°6 =| 125°9 3°6 i29°3 +077 
4 148°8 | 14376 48 148°4 |—O'4 
5 16178 {15576 6 16176 “|—o'2 
6 170°4 | 163'6 i: 170’8 =| -+o'4 
9 176’5 1169 8"4 1774 |} 4-09 
qs 180 iL y 180 ° 
In a fmall bar of Steel. Jdid. p.'49. 
: ; 
1 (61°4 5674 | o's 566 —4’8 
2 94 Oe te kA 962 | +22 
3 12@)0—ssdf raa’g | 1S 1239 4 +39 
4 fiai’s | t4r’4 | 143'4 | tr9 
5. 4584 | 1546] 275 15774 | 13 
6 167°7. | 16378 | 3 1668 | --0'9 
To [PTA Seg Ih FH 4372 kok A 
8. (179 174-7 | 4 yoy 
9 1827 11778 | 4°5 18273 | ~o’3 
19 q-P. 185 Ma | 185 ee 


In 
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In a {mall bar of Copper. 


Degrees| Degrees 
of Heat:of Heat 
The lot, by!loft, by 


Times. |Obfer- 


vation, 


= 


96 
124°5 
141’2 
| 16075 
1716 
19G72 
- [1844 
re {185 


Jay Qi PWD 


re 


the firft 
confide- 
ration. 


115°8 
14272 
158°7 
I 6878 
ET's 
179°3. 


Ibid. p. 5a. 


| Degrees Degrees 
‘OF Tea of Heat 


The 


loft, by|loft, ac-| Differ- - 
cording | ences. 


the 2d 


con fide- 


ration. 
©'8 
1°6 


Be 
32 


4 
4’8. 
56 
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In a fmall bar of Brafs. 


~~ 


120 
187 
2326 
26078. 
280’2 
2gt 
74 p.1300 


Aw Bw DS & 


LT4’t 


“185 


228'7 


25573 


272'6. 


283 


28'S 


to cal- 
culation 
9722 
1174 
144’6 
16179 
17278 


18799 


184’5 
185 


— 3S: 
7k 
+3°4 
+1'4 
+1’2 
+0'7 
+0’. 
oO. 


Ibid. p. §f- 


| Iars'6° 

188 
2374 
264173" 
280’! 
292 

| 300 


“ 


+r 
+06. 
+1 
—O'F 
71 
oO. 
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In a fmall bar of Lead. bid. p. 51. 


The | Degrees} Degrees] Degrees Degrees] - 

Times. |of Heat] of Heatjot Heat of Heat} The 
loft, by | loft, by | loft, by |loft, ac- | Differ- 
Obfer- | the firft;the 2d | cording ences,- 
vation. | confide | confide-| to cal- : 


i. | ration, |ration, | culation 
I 425 Him eat OFF. uibtd) | —O'9 
2 177 -|17476..| 012 41748 | —2'2 
3 208 207 04. - |207'4 |—0'6 — 
4 225 224’3 | O'5 22478 |—090’2 
5 234 | 2335 | @6 |2341 | +0's 
6 23y’t |238'4 | 97 23971 O 
7 | 249 24! 0’8 241’8 | -o'1 
8 2432 2424 | ©'9 12433 | +04 
84 244 | 243 I 244 9 
: In a {mall bar of Tin. Ibid: p. 526 
t 6174 61 0’5 6175 -+-o'1 
2 g6’6 | 962 I G72: -| +076 
i oe 120 1165 Bg. | 118 ——~2 
ee A 1327 | 12871 P 130°1 |—2’6 
5 Pot [tise {.25. (i475 |! 9 
6 TLR P1387 ge Eig ee  e'7 
64 144 (| 140°6 | 374 1144 ° 


In 
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In a little Mercurial Thermometer, heated to gr. 
108, and expofed to the open air, I found the 
heat decreafe in this order. 


Degrees srees1 Degrees 
The of a Es eat} of Heat} The. 
Times loft, by Toft, by| lof, ac-| Biffer- 
: the firft} the 2d | cording) ences, 
confide-} confide- | tocal- 
, ration, | ration, | culation 
Ox 13°6 34 | 4 +1 
i | 2471 68 2479 |—0’f 
rE 32 2 | $72 |—o'8 
2 3374 PO | 39°77 |—0°3 
7 i | 42’8 2 44°38 |—o'% 
3 404 24 43°83 |—3o’” 
3% 4g’I 2°8 | 51’9 |—0’6 
4 512 372 | 544 |—0'6 
4% 52’8 3°0 | 564 |—0o'1 
5 54 4 58 ° 


8. The decimals of degrees are calculated and 
fet down as they arofe in the Arithmetical reduce 
tion of the numbers’: Not that | would be thought 
to pretend to an imaginary exadtnefs either in my 
experiments,or thofecopied from Dr. Muffchenbreeck. 


Meafures and obfervations of this kind admit but of 


an approximation to geometrical truth. All our ma- 
chines are imperfett. The conftruction of Dr. Muff- 
chenbroek’s Pyrometer made with toothed wheels, 

pinions, 
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pinions, ec. could not, as he himfelf confeffes *, 
move with fuch a regularity as were to be withed ; 
and perhaps too the heated or cooled bodies are 
not quite homogeneous +, and fo fometimes make 
the refrigerations go on in ftarts : and accordingly 
in the regifter of his obfervations we meet with 
ftarts, ftops, and irregularities, that in fuch com: 
pound engines and imperfe& bodies are unavoida- 
ble. And fo we are to take the Medium and main 
drift of the obfervations, in the main agreeing ve- 
ry well with the theory, though they may differ 
fome degrees on one fide or Vother. 


g. From this law of the Decreafe of Heat in bo- 
dies expofed to the influence of an equable fream 
of cooling air we fhall be able with a tolerable de- 
gree of exactnefs to find out the intenfiry of thofe 
great burning fiery heats which cannot be meafur- 
‘ed by any Thermometers yet known. The Heat 
-of metals red hot, or even in fufion, of burning 
ftones, melted glafs, &c, may by this means be de- 
'termined. For when they are brought to the pro- 

pofed heat by a {trong fire we are carefully to ob- 
ferve the times of their cooling ; and by applying 
a Mercurial Thermonieter to them as foon as it can 
well bear their heat, we may accurately enough ce- 


termine the decrements of Heat below that period; 
and from thence, rifing upwards in a regular feries, . 


* Tent. Exp, Acad. Cim, Add. Il. p. 29. 
tT See Ibid. p. 30. 31. 32. ee 
¥ be 
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be able to find out the degrees of heat from that 
to the very beginning of its cooling, or the mo- 
ment it was taken from the fire. 


10. Iam very well aware that. this law I have 
propofed of the Decreafe of heat will not always 
hold exaéily in all circumftances, If the heated 
body be very large, and without a free venulation 
of air, it will acquire a warm and almoft ftagnat- 
ing atmofphere around it, which increafes ard 
foreadeth wider for a confiderable time after the 

eginning of the obfervation, and then gradualty 
is diminifhed and drawn into nothing at the end or 
expiration of Heat. By which means it neither 
cools fo faft, nor in fuch a regular manner, as if 
a conftant brifk ftream of frefh air were perpetu- 
ally blowing along it. In thofe circumftances it 
will be difficult, if not impoffible, to reduce the 
decreafe of Heat toa regular feries of numbers ; 
however even ia this cafe, as well as in the former 
more ‘regular decline of Heat, we may be able to 
find a method of tracing its feveral degrees in all 
its diferent periods of time, and exhibit them to 
the eye as diftingly, or rather more fo, than if 
they were expreffed in numbers ; and that too in a 
fort of gecmetrical way. 


. at. Let 
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. Let the time se body takes in cooling be 
exprefled by 
ine AT, the 
quantity of 
heat loft (be- 
ing its excefs 
above the heat 
of the ambient 
medium) ~ by 
AH drawn 


perpendicular 


toit. AT being 


divided into any number of very fmall equal 
merts AB, BC, CD; -Oc.--- gives, AB, .. AC, 
AD, &c. the times from the beginning increaf- 
ing in an arjihmetical progreffion. And in AH 
the lines Ad, dc, cd, &%c. are fuppofed to exprefs 
the decrements of Heat in thefe refpective fmall 
times. So that Ad, Ac, Ad, oc. are the quanti- 
ties of heat loft from the beginning of the obferva- 
tion at any affigned moment of time, and HA, 
Hd, He, oc. the teats fill fubfifting at the re- 
fpective times A, b,c, Oc. Now from B, C, D, ve. 
draw the lines Be, Cz, Dd, Se. parallel to AH: 
and from b, ¢, d, @c. draw bg, cx, a, Oc. pa- 
rallelto AT, fo that they meet refpectively in g, x, 
) :, &c, and through thefe points of concourfe 
dr aw the curve A gx 3¢, &e. this curve line, be- 

3 ing 
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ing concave towards AT and convex towards AH 
will be the Curve of the Decreafe of Heat. AT 
may be lookt on as its Axis, AB, AC, AD, &e. 
as the Abfcifles, and Bsa, Cx, D), equal to Ad, 
Ac, Ad, as its Ordinates. And 1 find this curve 
to be a fort of Hyperbola. So that from any gi- 
ven feries of obfervations of the decreafe of Heat 
of any body we fhall be able to protract upon pa- 
per, or to calculate any other way, as much of 
this Hyperbolick line, as to enable us to find its 
Center, Diameters, Afymptots, &¢. and to draw 
it out to what length we pleafe ; and from thence 
to inveftigate the Heat of the body at any deter- 
mined diftance of time before we had acce's to 
know the Heat by a Thermometer. By which me- 
thod then, only from obferving the decrements of 
Heat in a lump of Iron, or any other intenfely 
hot body, after it is able to bear the application of 


a Thermometer, having taken particular notice 


how foon it comes to that temperature; we may 
determine its degree of Heat the moment it was 
taken burning hot from the furnace. We may 
either calculate backward the feries of numbers 
found out by obfervation, or protraét on paper 
mechanically the Hyperbolic line or fcale of the 
Decreafe of its Heat in the manner ju now pro- 
pofed. For either of thefe ways will give us the 
initial greateft Heat it had when taken from the 
fire with tolerable exactnefs. The former will be 
fufficient, if the hot body be very fmall; or a ftiream 


of 
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ef cool air be conftantly blowing along it; but the 
other will be more convenient if the furrounding 


air be in a ftate of ftagnation or nearly fo. 


12, We fee then from‘the firft moment of the 
cooling of bodies the quantities of heat loft in gi- 
ven times are always growing lefs and lefs; till the 
heat and confequently thefe decrements of heat 
quite evanifh, and the body put on the temperature 
of the ambient medium; and all this in a pretty 
regular manner. The heating of bodies does not 
go on in fuch an orderly way ; concerning which 
we have fome very nice experiments furnifhed us 
by the ingenious and accurate Profeffor Muffchen-— 
brock *: from: which he juftly infers that the ex- 


- pantion or heating of bodies is not equable, but: 
very flow at firft; as if the fire had fome difficulty. 
in its firft penetration of the body: which sradual- 
ly grows eafier, the expanfions. or increments of © 


heat in given times foon coming to be very conii- 
derable. Thefe in a very little time come to their 
greateft height. And then fuch increments gradu- 


ally diminith till they quite evanifh, the heated bo- 


dy acquiring the temperature of the ambient- 


“medium +. All which I have likewife found to be: 


true by the experiments I have made on this fub-- 


* Tent, Exp. Acad, Cim. Add. JI. p. 24—~2 860i. 


34 43> 


+ Ibid. p. 29 —32- 39. 
[ke jekte. 


66 THe HEA'TING -anp 


je&. Some of which I fhall foon have occafion to 
infert. 


13. That bodies cool or heat fooner or more 
Ivifurely according to their different bulks, denfi- 
ties, figures, Oc. is commonly taken notice of. 
Lbere will be no great labour required to convince. 
every man that will but think of it, that a given 
quantity of the fame fort of matter will be eafier 
cr more difficulily cooled or heated, as it is ex- 
panded under a greater or fmaller furface; and 
confequently muft vary according to the different 
figures wherein it is fhaped. ‘Thus bodies of a 
round form as having the greateft quantity of mat- 
ter within the leaft furface are, ceteris paribus, the 
floweft in heating or cooling, and fo on of the o- 


ther figures of bodies, aceording to their compatt- 
nefs or expanfion. 


14. As to their difference of fize, no body 
makes any doubt of great bodies altering their 
temp:rature more flowly than fmaller ones: ‘‘ Quo 
‘* minor eft corporis moles, fays Lord Verulam *, 
“‘ eo citius per corpus calidum approximatum in- 
** calefcit :” But in what proportion to their bulk 
is not altogether fo eafy to determine. Let us 
however hear what Sir //aac Newton + fays on the 
fubjeét. “ Globus major calorem diutius confer- 


* Nov. Org. II. 13. § 40. 


+ Priac. Math. p. 509. 
“ varet: 


) 
: 


; 
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-varet in ratione diametri, propterea quod fuper+ 
ficies (ad cujus menfuram per contactum. aeris 
ambientis refrigeratur) in illa ratione minor eft 
pro quantitate materiz fure calide inclufe. 
Sufpicor tamen quod duratio caloris, ob caufas 
latentes augeatur in minore ratione quam ea dia- 


metri: & optarim rationem veram per experi- 
menta inveftigari.” 


15. To fatisfy this great man’s wifhes I began to 
make fome experiments of this fort, which I pro- 
pofed to have carried on farther if I had had lei- 
fure enough. However, fromthe trials I made, I 
think we have good reafon to conclude his fpecu- 
lation of the faculties to preferve heat being pro- 
portional to the diameters of fimilar bodies to be 


very juft. And that his fufpicion of that faculty 


in the greater bodies not being fully in fuch a high 
proportion as the diameters is without fufficient 


- ground, 


16. Ltook two China bowls pretty nearly of the 
fame fhape but of very different fizes, the large 


2 


one being about twice as broad, and fo of the other 


‘ Jongitudinal dimenfions, as the other, and confe- 


quently holding eight times more liquor. Into the 
big one A, I put two quarts, and into the other B, 
two gills of water, which in both was brought to 
the temperature of gr. 112. by very nice Thermo- 
meters placed in each; and immediately removed 

into 
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into a cool place, where there was a moderate cur- 
rent of air of the temperature of about gr. 48 or 
4y; and the refrigerations of the waters carefully 
obferved in the following times. 


Times in B 
ae ee 


Goatees of |Times in A By obferva- | By Theory. 


Heat. tion, 

/ . / r* 

Bs 5088: fe) G) Oo 
104 10 53 55. 
96 215 11 105 
80 54r 28 274 
a2 Bt 42 4G= 

64 118 OL 59 

56 194 99 97 


The fame day the experiment was tried. over a-- 
gain, but in a place where the furrounding air had 
no current, and little other agitation than what was. 
occafioned by the motions I made in carrying on, 
the obfervations. The refult was as follows. 


Times in B- 


EY «pe a —_ 
Degrees. of | Times in A By obferva-| By Theory.. 
Heat. tion. 
/ / / 
gre 112 O fe) fe) 
104 10 “36 5 
100 16 9 8 
96. 23 1 2p 13% 
92 3 16 1Gs. 
38 40 21 29 
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The Thermometer in the little bow] was fome- 
what above gr. 112 in the beginning; which was 
the caufe of the times of the falling to fuch and 
fuch degrees of heat to be always about a minute 
longer than the theory required. ‘There was fome-_ 
thing though lefs of this too in the forgoing expe- 
riment. And making a due allowance for thefe 
fmatl and truly inconfiderable variations the theory 
coincides furprifingly with obfervation : nearer in- 
deed than we could well expec in fuch experiments, 
-whercia the inftruments mult be allowed not to 
come up to a mathematical exactnels. A very 
{inall and infenfible error in the conftruction of the 
Thermometers, or a very inconfiderable miftake, 
“as of about a quarter or half a degree in making 
the obfervation, would feemingly occafion a very 
fenfible diference between the time actually obfer- 
ved and that which the theory required. 

To try ic in bodies differing ftill more in bulk 
from one another, the heat of the air being gr. 48, 
there were two vefiels filled, the one with one gill 
- and the other with 27 gills of water; their refpec- 
tive diameters thus being 1 and 3; and the refri- 
| gerations came out in this order. 


Degrees 
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Times in B 


A 


pase 
Degrees of |Timesin A /By obferva ;By Theory. 
Heat. tion. 

4 Mf if tt / uv 

er. 108 o 080 © : 00 OF oD 

10d oo 2c Seto his hae Ba 

' Fete) IO) e..00 3.3026 3: 20 

gO 15 3 45 5 ¢ OFlinbeS ts 

Q2 22.4 18 g 2.20 Ft Qe 

88 30 3 80 Sf 9 3.00 1 fa tos 

8 4 40 2% eo ip a Ie 12° 7S 

89 vena  e) eS 2) 16 : e7 

“6 57 2 08 172%. 39 19 2 00 

©4 IOI : 00 63.5 20 33 3 40 


There fthould be more experiments tried ; and 
thefe on other bodies as well as water ; on folids as 


well as fluids, and in a greater variety of proporti- 
ons of their refpective bulks, and with bodies im- 
merfed in various mediums, &c. all which 1 am 
apt to think would come out, like to what we have 
already tried, agreeable to Sir Jaac’s rule, 


17. Let us next enquire if the ordinary theory 
of bodies heating and cooling fufter or flower, as 
they are lefs or more denfe, will come out as con- 


formable to nature and truth. 


It is indeed a very 
plaufible f{peculation, and what one would be apt 
to deduce from the vis inertie cf matter that rare 
bodies are foon either heated or cooled, but that ~ 
denfe bodies are more flowly altered by the heating 


Or 
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or cooling influence of the ambient medium, * * Suf- 


‘** picamur (naturam Denfi & Rari) pofle habere 


‘© confeafum cum tarda & celeri exceptione & de- 
“ nofitione Calidi & Frigidi. Fiat igitur experi- 
** mentum, fi rarius corpus non admittat, & amit- 
«© tat calorem aut frigus celerius, denfius vero tar- 
« dius.” Quo denfiora corpora,” fays Drs 
Boerhaave +, “ five fluida fuerint five confiftentia, 
‘ eo pluri tempore egent, ut ab eodem igne xqua- 


-*¢ liter incalefeant.” And in like manner as to 


the cooling of bodies he tells us {, ‘* corpora 
«* acceptum caloris gradum tanto diutius confervare 

‘ quo funt denfiora, ponderofiora, aut ples fub- 
<< ftantie corporex habentia.” Ina word, “ quo 
«¢ denfa magis corpora eo diutius impreffi calidi 
‘¢ tenacia 4.—Tanto pluri tempore egent ut poffint 
“© redire ad temperiem cum rarioribus citius refri- 
+. gerandis **”” 

This rule of bodies requiring times of heating 
and cooling in the order and proportion of their 
denfities is, I fay, a very plaufible fpeculation, and 
to which every body at firft hearing is ready to af- 
fent. And moroever this propofition, fo obvious 
in theory, is faid to be confirmed too by experi- 


* Bacon Hift, Denf. &c. p, 17. 
+ Chem. Lp. 279. vid. & p. 264. 
t Ibid. p. 264. 
| Ibid. p. 160. 
%* Ibid. p. 267, 
ments, 
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ments, as we find them propofed by Dr. Boerhaave*, 


«c 
€é 
eé 
&¢ 
et 


@6é 


6& 


Multa fuper hac re cogitanti” (favs he) ‘* ob/er- 
vaium certe id fuit, eo citius calefcere ab eodem 
igne corpus quo rarius fuerit ; eo lentius autem 
refrigerari calefactum femel, quo denfius fuerit, 
eo citius refrigefcere quo rarius erat.—Si vas aére 
plenum, aliud aqua, utrumque dein eidem ’ca- 
lori exponitur, erit forte aér fic calidus millies 
rarior aqua quoque ita calida, fed aqua concep- 
tum tanto tardius calorem tanto diutius retinebit, 
ut aer forte millies citius refrigefcat.— + Sit vas 
cavum, parallelepipedum, fupra apertum, ex 
aére, aqua repletum ; cui imponantur vafa cy- 
lindrica vitrea, zequalia ; repleta ad eandem al- 
titudinem diverfis pondere liquidis ; dein fuppo- 
natur ignis, ut aqua intra hoc vas affidue mota 
equabiliffime incalefcat, cernemus nudo oculo 
liquidum livius, adeoque rarius, citiflime expan- 
di, denfius vero multo lentius; quin & thermof- 
copia impofita idem docebunt. Calefcit ocy fim, 
aér, dein Alcohol, Oleym Petrolei liquidifimum 


-poftea, tum Oleum Terebinthine, mox Aqua 


pura, dein aqua falfa, Lixivium fortifimum, 
Metalla, Mercurius, Aurum.” And as to their’ 


cooling he gives us a fimilar experiment, and with 
alike fuceefs. { ‘* Si enim in agua ebulliente di- 
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& 


verf{a pondere corpora exqualiter inde calefcunt, 


* [bids p. 200. ‘ 


+ Ibid. p. 279. 
$ Ibid. p. 269. 
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id diutiffime calidum manebit quod ponderofifii- 
mum, id citifime friget quod leve. Quoufque 
autem ha¢ctenus per experimenta procedere datur 
regula fere generalis hac habetur; vacuum ‘Tor 
ricellianum calofem in eo genitum una momento 
amittit. Aer calefactus in olla, citiffime calorem 
conceptum perdit. Alcollentiore gradu. A- 
qua diutius quam Alcol. Argentum Vivum 
tardius vero eodem calore refrigeratur. Ita inter 
folida quoque, lignum, faxum, metalla, iterum 
eequaliter calefacta, retinent quefitum calorem 
* exacte tanto ferius.”” This icheme of: bodies 
having a faculty of preferving their temperature in 
proportion to their refpettive denfities, is illuftrated 


et 
6€ 
6 
&e 
et 


€ 


o 


e¢ 
€¢ 
% 
“ 


6é 


from fundry confiderations by Dr. Mu/fchenbrock *, 
who reckons them up in this order +. Air, Al- 
cohol, Petroleum, Oil of Turpentine, Rapefeed 
Oil, Diltilled Vinegar, Water, Salt Water, Aqua 


Fortis, Oil of Vitriol, Spirit of Nitre, Quickfil- 
| Wer. 


18. I know no ftronger inftance than this of the 


weaknefs, or, if I may venture to fay fo, of the 


prefumptuoufnefs of the buman underftanding, in 
pronouncing too haftily concerning the nature of 
things from fome general preconceived theories. 
That rule of bodies acquiring given degrees of heat 
or cold ceteris paribus, in times juft reciprocally 


WE, dé Phyl. § 69. 
+ Ibid. § 944, 


: G proportional 


vr 
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proportional to their denfities, though plaufible 
enough in theory, I cannot find to be true in fact, 
Air indeed is heated and cooled fooner than any o- 
ther fluid I have had opportunity of trying, though 
not in fuch a different proportion as its extreme 
rarity compared with the great denfity of other 
fluids, would require. And Water is flower of 
heating and cooling than either Oil or Alcohol ; 
but, contrary to all our fine theory, Quick(filver, 
the moft denfe ordinary fluid in the world, except- 
ing only melted Gold, is however the moft ticklifh 
next to Air; it heats and cools fooner than Wa- 
ter, Oil, or even rectified Spirit of Wine itfelf, 
Taking about 15 ounces of Mercury, and {{, of 
this weight of Water, jo that their volumes were 
pretty equal, I put them into two very thin glaffes 
of the fame fize and make, with a Thermometer 
in each : and after letting them ftand a good time 
in the cold air, till both Thermometers pointed pre- 
cifely gr. 46, I fet them down at the fame time 


- almoft clofe to one another, before a great fire at 


a confiderable diftance from it, but fo that the heag 
fhould equally act upon them. And in the fol- 
lowing times the ‘Thermometers (which in them- 
{elves were very like one another, and equally tick- 
lith) thewed the refpective fluids to be heated in the 
following order. 


Times 
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J 
wa 


Tinses heat 
/ 


o or begin. 


39 The fire 
_ 42 ftirred. 


Then the Water and Quickfilver being both 
brought to the fame temperature of gr. 59, 
were at the fame time fet downin an open window, 
where the temperature of the air was at gr. 523 


and the two Thermometers fhewed the fluids to 
cool in this order. 


G 2 : Times: 


i 
| 
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Times : Water cooling.| Mercury cool- 
ng, 
6) gr. 89 or gy 
3 85% 81% 
6 ‘ 82 76 
9 79 72 
12 “6 68 
I 73% 6 
i8 A blaft Ok 61% 
21 of air. 68 59% 
24 66 5 
27 64% 57 
30 63 56 
33 62 55% 


Here we fee that Water, inftead of acquiring:or- 
lofing a given quantity of heat ‘13 or 14 times foon- 
er than Quickfilver, as it fhould do by the common 
theory, is about twice fo flow in heating and 
cooling than what Mercury was found to’ be. 
Could the glaffes have been made any thinner, 
perhaps the Mercury would have appeared to cool 
ftill: fomething more quickly. And as the fire did 
not act equally all the while you find too fome lit- 
tle anomalies occafioned thereby, 

As this experiment differed fo widely from the 
common opinion, and from what every body, to 
whom I have had occafion to propofe it, expected, 
I tried it over again with the fame cautions, but 
with larger volumes, taking near 48 ounces of 
Mercury, and 33 ounces of Water; their quanti- 

ties 
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_ties being to one another at 13; to 1; and fo their 

volumes pretty equal. And the refult of the ob- 
fervation was as tollows. 


Times Water heating. | Mercury heat-- 
at Ing. 
o or begin- | gr. 48: gr. 48 
4 ning. | 52 58 
8 S72 69 
12 63 78 

16 68 84% 
20 yo% 807 
od 77 925 
28 SO: 95 
32 $3. 907 
36 85 97 
40 87 98 
Ad. 89 99 
48 gi 100 
52 023% 100 
56 Ot 100 
60 94: 99% 


am They were both reduced to the heat of gr. 92, 
and then carried into the air of the temperature of ' 
gr. 51, and cooled in the following order; all the — 

while the Water evaporating a little, and fticking ’ 
in drops to the fide of the glafs, - 


G3 Timés - 
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Times Water cooling. | Mercury coof- 
ing. 

o or begin- | gr. 92 gr. Be 

Ane, A 88 854 

8 85 80: 
12 82 76 
16 79% 72s 
20 pad 69 
24 75 67 
28 vie 645 
32 714 ez 
36 60% 61 
4o 68 595 
44 663 58 
48 O5¢ 7 
§2 64% 562 
56 633 533 
60 623 $4 
64 613 54 
68 61 53% 


19. As Oil is more tenacious than Water, many 
are apt to think it will be flower both in admitting 
the particles of heat and fire, and in cooling or 
letting them go. ‘* Omnes Philofophi,” fays Dr. 
Boerhaave *, ‘* cenferent olei tenacitate irretitum 
‘‘ ignem longe diutius in oleo hefurum.” And 
another theory will lead them to a new opinion: 
when they confider that Oil, confifting chiefly of 
fulphureous particles, will therefore, from their 
notion of the Newtonian obfervations of the rays 


al 


* Chem. £, p. 263. P 
of * 
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of Light and Héat, be more apt both to attracs 
and retain the heat applied to it. But how weak 


and fallacious are all our fpeculations concerning 


the nature of things not thoroughly well under- 


ftood. Dr. Boerhaave, in dire oppofition to this 


laft theory, makes Water both heat and cool more 
flowly than Oil; and that exaétly in proportion to 
their refpective denfities. + ‘* Bina vafa xqualia 
«© accepi, quorum unum aqua, oleo implevi oliva- 
‘ rum alterum. Ambo-repofui in vafe, in quo 
<¢ feci ebullire aquam, retinui in ilia ebulliente aqua, 
«< donec certus eflem utrofque liquores eodem bul- 
«* lientis aque gradu zque calefactos; exemi tum 
‘ ex co vafe, repofui in eodem ambo aére, ut vi- 
<* derem tempus, quo uterque liquor reducebatur 
‘© ad eundem refrigerationis gradum ; atque inve- 
‘¢ ni, pro ratione ponderis comparati, prorfus 2- 
«¢ quale” Nor this did I find exactly true. Oil 
did indecd both heat and cool fafter than Water : 
and, contrary to all the theories, even much fafter 
than its difference in fpecific weight fhould have 
made it. Oil of olives is but about +5 lighter than 
Water: but it is heated and cooled fafter in a much 
greater proportion. That excefs is not indeed al- 
ways the fame, of near the fame. It does not fhew 


fach an uniformity of difference as Quickfilver did, 


In the beginning there is no great difference ; then 
Water takes about + or fo more time in acquiring 


+ Chem. I. p. 263. 
or 


! 
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or lofing given quantities of heat than what the Oi: 
does: but.in the progrefs of the experiment, the 
difference becomes always greater and greater, till’ 
towards the end the Water is almoft twice as flow 
in heating and cooling as Oil, taking the times: 
from the beginning of the obfervation ; as in the. 
following experiments, 


Times Water heating.; Oil heating.. 
o or begin--| gr. 50 
8 ning. hes 2 
16 63 
aA... 75 
28 es 
pip 
- 36 33 
40. 85% 
44 88 
48 . 91 
§2 the fire de- | 94 
56 caying. 96 
60. 99 
64 KO. 
68 103 
72 104 
76 1043 


And both being brought to the temperature of 
gr. 108, they were fet inthe air of between gr. 50 
and $f, and they cooled in this order. 


Times 
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Water cooling. 


Times Oil cooling. . 
, 
o or begin- | gr. 108 gr. 108 
4 ning. 104 102 
8 100 96 
12 ee go 
16 04 86 
20 O14 8 it. 
24 884 yuk 
28 86 74 
32 84, 7% 
36 $2 7° 
40 81 68 
44 79% 667 
48 78 O5 
52 70% 63% 
56 "5 O27 
60 74, — 
68 La 50 
76 od 58% 
84 67% 574 


The experiment of the heating and cooling of 
| Oil was repeated with the following fuccefs. 


Times. 
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Times Water heating. 
© or begin- | gr. 45 
4 ning, 4$= 
8 49 
12 522 

16 57= 

20 61% 
24 6s 
28 68s 
32 7's 
36 74% 
0. hed 
44 12 
48. SI 
52 8 3 
56 S4z 
60: 86 
64 87 
68 88. 
72 89 
76 gt 
80 g2 
84 93% 
38 Q4= 
92 G4% 
96 95 


Oil heating.. 


ET 45 
46 
50 


Both the Water and Oil were brought te the 
heat of .gr.g6, and placed in a large room, the 
temperature of which was about gr. 45; and they 


cooled in this. order, 


Times: 
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Times Water cooling. ; Oil cooling. 
/ 
© or begin- | gr, 96 gr. 96 
4. ning. 92 “90 
3 89 85 
12 86 80 
16 835 765 
20 815 73 
24. 79% 79 
28 777 075 
32 75% O57 
36 74 632 
40 425 61z 
44 71 60 
48 60+ 582 
52 68 57% 
50 67 56% 
60 66 55% 
68 643 $4 
46 62% 523 
84 61g ise! 
92 594 51 
100 58s er 
116 56 49 
£32 54 4 
148 522 ATs 
180 50% 46% 
ein 49 454 
244 47% 45% 
| 276 47 45° 
| 340° 46 45 


20. The 
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20. The heating and cooling of Water and 
‘Rectified Spirit of Wine came out as follows. 


Times 5+ Water heating. | Sp. Wine heat- 
i : Ing. 
o or begin- | gr. 52 ors 58> 
4 ning. 53. 54 
8 56% 59% 
25 3 61 65% 
16 65 at 
20 69 76 
24 73 OL 
28 a7 8 
32 80 $8 
36 8 3 gt 
qe es 855 93 
44 The firede-|. 88 90 
48 caying. go Q7* 
56 923 99% 
60 04 | roc 
64 95 100 


They were both brought. to the heat of. gr. 9525 
and expofed to the open air of the temperature of 
gr. 57 or 58, where they cooled in this order. 


Times 


3 
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Times Water cooling. { Sp. Wine cool- 
, a Ing. 
© or begin- gr. OS+ gr. OS 
4 - ning. ois Qox 
8 88 86 
12 85 82+ 
16 824 79 
20 80 75%. 
24 78. 73 
28 76 at 
32 74 69 
36 poe 683 
40 71 67 
44 79 50x 
43 69 Ess 
52 68 64 “ 
68 65 62 
84 62: Bor 


Thus we fee that Spirit of Wine both heats and 
cools fafter than water; and that in a much greater 
proportion than the inverfe ratio of their fpecific 
weight does require, as we obferved likewife of oil. 
‘But ftill quickfilver, however denfe, is more tick- 
lith and eafier affedted by heat and cold than any 
of thefe fluids. Common Brandy, upon trial, I 
did not find to differ fenfibly from Water in this 
ref{pect. 


_ 21, The fame theory, drawn I fuppofe from the 


general 


general dodtrine of the vis inertia of Matter, led 
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Dr. Boerhaave *, and Dr. Muffihenbrock + to lay it 
down asa principle that the faculty of cooling o- 
ther bodies was in proportion to the denfity of the 
cooling medium. ‘* Corpora, fays Bserhaave, que 


es 


€¢ 


ignem jam in fe continent copia majore, quam 
ambientia fluida, vel vicini corpora, lum ignem > 
amittunt eo citius, quo in fluidum denfius im- 
mittuntar refrigerandi caufa. Quod ita intellec- 
tum velim. Sit Aér, Aqua, Argentum Vivum, 
in Vafis, cjufdem accurate temperiei in omnibus 
his. Efo tum igniti ferri fruffum triplex x 
quale perfecte ignitum. Unum horum trium 
relinguatur in Aére notatz temperiei, immerga-_ 
tur fecundum in Aquam accurate tam frigidam 
quam Aér hoc tempore. ‘Tertium vero‘intru- 
datur in Argentum Vivum etiam zque frigidum 
ac priores, Aér et Aqua. Quid fiet? in raro 
Aére ferrum diu retinebit fuum calorem, in A. 
qua citius amittet, in Argento Vivo citiffime. 
Et quidem viderur in illa aqua fere tanto refrige- 
rari citius, quanto heec aére cenfior ; adeoque 
oGiingenties ocyus. In argento vivo forte qua- 


terdecies citius, quam in aqua.” 


22. Neither does this fpeculation come out true 


tn fa&t. The times of bodies cooling in thefe dif- 
ferent fluids do by no means differ fo much. as is 


* Chem. I. p. 267. 


+ Eff, de Phyf. § 967. 3 
. . commenly 
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commonly imagined. Inftead of 800 a body cco's 
but about 8 times fafter in Water than in Air, And 
the refrigerating virtue of Quicklilver was found. 
inftead of 14 times greater than that of Water to 
be a very {mall matter fo, as about 2 feconds, oF 
fo in a minute. : 
Air, Water, and Quickhiver, being all brought 
ro the common temperature of gr. 52, 1 placed. 
fucceflively in thefe feveral fluids a {mail Phermo- 
meter that had always becn heated to gr. 1123 and 
carefully obferved the times wherein it loft 56 de- 
grees of heat, or wherein the Mercury funk to gr, 
56 on the f{cale, -which was within 4 degrees of the 
eat of the furrounding mediums. And by four 
diferent trials the refrigerations came out thus 


RaSh feu tou CMF 
In Air 8:45 | 8:30 | 8:20 | 8:25 
In Water 1:04 | 02 | 1:04. 1 1:04 
In Quickfilver 1:00 | i 1:01 | etey) 


O74 

23. This doétrine of the heating and cooling of 
bodies in all its feveral branches fhould be carried. 
on by a variety of experiments, which I have nei- 
ther leifure nor opportunity of profecuting at this 
time. Sa that I muft leave it to others, whofe fis 
tuation is more favourable for making the neceflary 
obfervations for eftablifhing and perfecting that 
do&trine, to which I have only been able to furnifh. 
fome helps, 
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TOWARDS A 
Natura and Experimenta, HISTORY 


OF THE 


Various DEGREES of HEAT in BODIES. 


I. Of the way of computing the different degrees of 
. feat. 


ANY of the ancients had ftrange notions 

of the nature of Heat. Vhey fuppofed it 

in different fubjeéts to differ m kind as well 2§ 
quantity. They talked very magnificently of the 
- Celeftial Heat, as differing much in its nature from 
the Heats commonly produced on-our earth. And 
thefe too they thought to be of quite diffe- 
rent natures in the different bodies wherein they 
are lodged. ‘The Heat of the fire or of hot wa- 
ter, or of fermenting fubftances, they thought 
of 


i} 
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of a lower kind, and altogether diftingt from the 
Heat of animals. And this too they diftinguifhed 


into natural and przternatural or morbid, as forts 


of Heat quite different from one another. And 


thofe too they reckoned of different natures in the — 


different fpecies of animals.- Doctrines and ways 
of {peaking of this fort fet up by the Peripatetic 
{chool, and too much adopted by Galen, and the 
Phyficians after him, continued long in the world ; 
and were alfo countenanced by the Chymifts, thefe 
philofophi per ignem, who profefled, and valued 


them{clves on a more than ordinary knowledge of 


the fecrets and operations of Heat. 


2. Gomez Pereira, who was among the firft that 
dared to think freely in Philofophy as well as Phy- 
fic, ventured to affirm * all Heat, whether of an 
clementary, igneous or animal kind, to be of one 
and the fame nature; that the heat of the fun, or 
any other elementary Heat, did nor differ trom 


shat of animals but in degree; and. that the Hea, 


of a man in a fever differed only by its excefs 
from that of a man in health; and that the Heats 


of other animals did not differ fpecifically; but on-— 


ly in quantity, from one another, or from that of 
the human kind... 


* Nov. Med. cap. II. p. 7. 9. cap, III. p, 12. 17. 
RO. 23. 24. 25. 
. 3, hae 


} 
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3. The learned Te/efius, though he was fenfible 
of the gréat variety of the degrees of Heat in Bo- 
dies, thought the determining them and afcer- 
taining their differences to be almoft impoffible. 
So that he declines taking the trouble of any fuch 
inquiry. ‘* Qui calor,” fays he *, ‘* vel quantus, 
«© & que ejus copia, & que entia in qualia inver- 


** tat minime inquirendum videtur, ut quod ho- 


** mmi nulla, ut nobis videtur, innotefcere queat 
** ratione, Qui enim vel caloris vires, & calorem 
‘* ipfum veluti in gradus partiri, vel materiz, cui 
‘* inditus eft, copiam quantitatemque diftindte per- 
*‘ cipere, & certis determinatifque caloris viribus 
‘* copizque in certam materiz quantitatem, dipo- 
fitionemque certas actiones; & certs materiz 
** quantitati certam determinatamque caloris co» 
_* piam affignare liceat ?” 

Lhe puriuit however of all this he recommends 
to others, as being in itfelf of very great confe- 
quence. ‘* Utinam id alii & perfpicaciori preeditt 
** ingenio, & quibus in fumma tranquillitate re- 
“rom naturam perfcrutari licuerit affequantur ; 
* ut homines non omnium modo f{cientes, fed om- 
“ nium fere potentes fiant.” So fond would he 
have been of the ways of meafuring Heat found 
out fince that time. Though for his own fhare he 
abfolutely defpairs of doing it, efpecially. with any 
tolerable accuracy. ‘* Nobis ut ingenue fateamur 


* De Rer. Nat..1. 13. Hoe 
** ¢ralisore 


a 
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‘© craffiore ingenio donatis, & quibus non nifi ex- 
© tremum vir fpatium philofophari licuerit, m1- 
‘© nimeque id moleftiis, curifque vacnis—fatis fit, 
fi qui quantufque calor, quam molem, qua do, 
‘net difpofitione intueri liceat. Et non exqui- 
‘ fite id quidem, diftinéteque, fed rudiore & cons 
* fufo quodam modo, nec fingulas caloris differ- 
** entias, qu innumerz & roboris & copiz funt 
“ nec materize confpiffationes diverfitatemque per: 
‘* cipere potentibus, fed perpaucas utriufque & 
* confufe illas, indiftincteque.” 3 


4. The nature of Heat my Lord Verulam feems 
to have confidered with more than ordinary atsen- 
tion ; and gives his doctrine de forma calidi *, by 
way of example for managing philofophical toll 
jects. And he found all the various heats not to 
differ in kind, but in their various intenfities, dus 
rations and other modifications and accidents +. 


5. Sanéforic’s Thermometer, given out to the 
world about that time, fhewed all kinds of Heat 
to havea fimilar eff-ét in dilating the air ; accord- 
ing to whofe various. expanfions, the various in- 
tenfities of thofe Heats of whatever kinds were to 
be judged. The fame was foon found to holdi in 


* Nov, Org. IL, Pr. 19+ 43..19.,, 20% is 


+ Ibid. p. 189. 196. 197. 260. 206. 208, 220. 252 


deca . 
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other fluids. And at length the firmeft bodies 
themfelves were, by undeniable proofs, found to 
{well by the application of Heat of any fort. And 
from the various degrees of thofe dilatations alone 
we muft take our meafures of the various degrees 


of Heat in Bodies. 


6. But where fhall we begin to reckon the Heat 


of Bodies, or their greateft natural contractions, 


or the limits of Heat and Cold ? Many things, 
when firft propofed, look fingular and odd, that, 


after laying afide prejudices, and by mature con- 
fideration become familiar and eafy; and of the 
truth of which we come at length to be fully {atis- 
fied. We commonly conceive water, when once 
frozen and turned to ice, to have loft all Heat, 
and fo to have become abfolutely cold; on which 
account many Philofophers did too haftily begin 
their reckonings of Heat from this point. But as 
various fluids, fach as melted wax, melted tallow, 
oil, wine, brandy, &c. lofe their fluidity at various 


_ degrees of Heat, and after that may ftill grow 
‘colder and colder in their firm ftate; juft fo after 


water begins to freeze, we know from many con- 
faderations it can become ftill much colder. That 
js, that in freezing water there is ftill a confiderable 
quantity of Heat; which by degrees grows lefs and 
lefs, till the cold becomes intolerable to us mor- 


‘tals; as in the dead of winter in the northern in- 
‘temperate climates, where men cannot live without 


more. 
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more than ordinary fhelter from the extreme fe- 
verity of the weather.. The air is oftestimes as 
much colder than water beginning to freeze, as 
fuch water is colder than our fummer weather. 
We reckon it warm when the fluid in the Thermo. 
meter is raifed to gr. 64, it is at gr. 32 when wa- 
ter freezes ; and fuch colds have been often feen as 
to bring it down to gr. o, the beginning of the 
fcale, nearly the cold produced by a mixture of 
fnow and fal. 


7- Not as if this was the loweft degree of Heat, - 
or the greateft degree of Cold that nature has ever 


been obferved to. produce on our earth, as Dr. 


Beerhaave * feems to think ; and which he sy 
though I know not on whofe teftimony, tells us 
was the greateft cold that was obferved in Iceland 
in the cold winter of 170%. ‘Phe cold has been 
fometimes felt as great, or near as great as this in 
climates ordinarily temperate enough; and certain- 
ly much warmer than what we have reafon to be- 
lieve the bleak cold: country of Jcelandto be. At 
Germanopolis in Pen: fylvania. only in the latitude 
40°, an. 173% the cold brought the Mercury to 
gr-5 {. In the famous winters roe andy yy 
the cold at Paris was fuch that it would have 


* Cheat, Ty pe 16>) 164. 166. 299. 4t0. 593. 


. 


T Tage: p's Bl fee 174. 


+ A&. Berolin, Cont. IV. p, 130. 
_brought 
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brought down the Mercury in our Thermometer 
to gr. 8 *, At Leyden an. 172% it funk to gr. ers 
and at Utrecht it fell a divifion lower |. At London 
in the winters 170% and 1749 the cold was fo vio- 
lent as to bring the {pirits almoft down to the arti- 


ficial cold of an ice and falt mixture §. And an. 
31708 Mr. Roemer { at Copenhagen in the latitude 
of 55° 43’ found the Mercury in his Thermometer 


to fall fully thus low, to wit to gr. o **, 


* 


8. But if we go farther north, though not fo far 


as Iceland, we fhali meet with much greater colds 


than any thing ever feen in thefe countries. In 


_ * Mem, Acad. Sc. 1710. p. 186. 1717. p. 36 
+ Boerh, Chem. I. p. 153. 
{| Muffchenbr. in Phil. Tranf. 425. p. 359. 


§ Derham in Phil. Tranf. Abr. IV, 2. p. 113. VI, 
2. p. 59. E : 


- £ Vid. Boerh, Chem. I. p. 720. 


_** Dr, Boerhaave {peaks of this remarkable obfer- 
vation of Mr. Roemer as made at Dantzick. But { 


rather think it to have been made at Copenhagen. Dr. 


Derham (fee Phil. Tranf. Abr. IV. 2, p. 114,) had pa- 
pers in his hands giving an account of this very froft 
an. 170% at Copenhagen, faid to be taken from the ob- 
fervations of Mr. Roemer. And Mr. Roemer was a 
Dane, lived and bore high offices at Copenhagen ; 
and died there av. 1710. However in the main this 
does not at all alter the ftory with refpea to us. 


I ~ JFanuary 


i 
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 Fanuary 1732 the cold was fo great at Up/al, that 


it brought the fpirit of wine in one of the Royal 
Society’s Thermometers down to gr. 124, which 
falls about a degree below gr. o in Fahrenheit’s. 
And at Peterfburg in the latitude only of 59° 56’; 
much the fame with that of Up/al, an. 1732; the 
cold was fo excefflive that Quickfiver was by it con- 
tracted <5 part of the bulk it had in boiling water, 
or to fall to gr. 200 in Del’ Jfe’s Thermometer *, 
which brings it to —gr. 28 in ours. We know in 
general from the accounts of travellers what jn- 
tenfe colds rage in winter in many places of the 
world, and efpecially in or near the frigid zones in 


both hemifpheres. But we have few obfervations 


on record exactly limited or reduced to a determin- 
ed meafure. However in M. De Maupertuis’s + 
accurate journal we find that the French Academi- 
cians, who, in purfuit of knowledge, and to deter- 
mine that important queftion of the figure of the 
earth, wintered az. 1737 at the north polar circle, 
experienced a degree of cold much greater than 
any thing we find meafured and recorded by others. 
At Torneag in the latitude of 65° §1’, even on this 
fide that circle, their fpirit of wine Thermometers 
came at length to be frozen, and a mercurial one 
conftructed in Mr. de Reaumur’s way funk to gr. 
37 under his freezing point; which would have 


* Phil “Tranf. 447. pp. 222. 
. + Fig. dela Terre p. 58. 
been 


6¢ HEAT in BODIES. oy 
heen about 33 divifions below gr. o in Fabrenhbeit’s. 
When that intenfe cold was fuddenly admitted into 
their warm rooms, their bodies could hardly fuffer 
it, their breaits were as if they had been rent, and 
the moifture of the air was in an inftant converted 
into whirls of fnow. This is a degree of cold as 
much below the cold of freezing water, as that is 
below the ordinary heat of our fkin. For it is 
334+32=65 divifions below the freezing point 2¢ 
gr. 32, and the heat of the human {kin at gr. 97 is 
juft fo much above it. 


9. Tofind a cold fo far below that of freezing 
water is certainly very furprifing. And yet a great- 
er than this almoft inconceivable degree of cold 
may by art be procured in lefs rigid climes. For 
“we can contrive a method of cooling much beyond 
the ordinary tendency and courfe of nature. Ma- 
ony things when mixed together immediately be- 
come vaftly colder than formerly when they fub- 
fifted diftin& from one another.. Spirit of nitre 
poured on beaten ice or fnow brings on a very in- 
tenfe cold. Thefe, when their temperature and 
that of the air was but about gr. 32 above gr. 0,. 
the ingenious and induftrious Fahrenheit by an art- 
fal management cooled fo much that the mercury: 
in the Thermometer funk to—gr. 40, or 72 divi- 
fions below the freezing point *; a degree of cold 


* See Boerh.. Chem, I. p. 162, Muffchenbr. Tent. 
Exp. Acad. Cim, Ad, p. 174. 


2 x greater 
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greater than what was fel: in the neighbourhood of 
the polar circle. And this is as much below the 
cold of freezing water, as that is below the heat 
of our hotte{t animals, or of men in fevers. No 
body would have thought a priori that freezing ice 
was capable of fuch an additional quantity of cold. 


10. Nor are we abfolutely fure that yet in thefe 
circumftances all heat was deftroyed. Even in 
that horrid and moft bitter cold at Torneao, which 
the French Mathematicians mention with fo much 
horror, we are fure there was; and likewife even. 
in that exceflively cold mixture of Fahrenheit there 
might ftill be, and probably there was, fome de- 
gree Of Heat. What if there was a concourfe of 
fuch frigorific circumftances? If Fahrenuheit’s ex- 
periment were to be made in the frigid zone, what 
would be the effect, and what a dreadful cold might 
by that means be produced? * So then for want 


of 


* When I was lately at Paris there were put into my- 
hands fome very extraordinary obfervations commu-. 
nicated to the Royal Academy of Sciences by Mr. De. 
Ifle at Peterfburg, of exceflive colds at Kirenga, in 
Siberia, a place, not very far north neither, lying in 
the latitude only of 582 10’, There in the winter 
1734 the mercury ence fell to gr. 275 in De !'Ifle’s” 
Thermometer, which by calculation I find fhould be 
gr. 118 below the beginning. of the feale in ours. This 
(if there be no miftake in the affair) is the moft aftonith. 


ng 
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of knowing the ultimate limits of beat and cold 


we cannot determine the geometrical proportion of 


the real or abfolute quantity of the Heat of one 
Body to that of another, All we fhould pretend 
to is to affign their arithmetical differences; which | 


- 45 a very ufeful work, and is to be done by a great — 


number of accurate obfervations on the various 
expanfions of bodies by the various degrees of heat : 


~thefe expanfions always correfponding in fome 
 meafure to the quantities of fire or heat applied. 
~ So that we fhall in the ordinary way fpeak of thefe 


- things as proportional to one another. Though I 


would not be underftood pofitively to affirm that 


~ they both go on always precifely in the fame ratio : 


or that the expanfions were always exactly in a ra- 
tio neither greater nor lefs than the fimple ratio of 
the quantities of the applied heats.. 


ir. When people * tell us that red hot iron is 
3 or 4 times hotter than: boiling water ; and that 
boiling water is about 3 times hotter than the heat 
of our fkin, or of the fummer heat, they general- 
ly. reckon. the loweft limits of heat to be where wa- 


ing thing I ever met with of the kind. It fuppofes a 
cold 150 degrees below the freezing point, almoft an 
incredible thing: a cold as much below the cold of 
freezing water, as this is below the heat of boiling: 
{pirit of wine. 


*-Vid, Newton Princip. p. 508. &. in Phil. Tran. 


Abr. IV. 2. p. 2. 3- Pitcarn. El, Med, If. 1. & 26. 
P23, ter 
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ter begins to freeze; and thence found the addi= 
tional dilatations of quickfilver, or of lint-feed oil 
(or of any other fluid that may be ufed in fuch 
Thermometers) to be in thefe proportions ; though | 
the abfolute or real quantities of heat in thefe bo- 
dies do not differ fo much by far, as they by that 
miftaken way of reckoning computed. ‘Phus boil- 
ing water indeed raifes the mercury in the Thermo- 
meter to gr. 212, that is 180 divifions above gre 
32, the heat of freezing water, while the heat of 
the human body is but about gr. 97 or 98, only 
65 or 66 degrees above the freezing point. And 
therefore the dilatation acquired trom that point 
by the heat of boiling water, to the dilatation ac- 
quired by the heat of our body, is in the propor. 
tion of 180 to 66, or 273 to 13 which is fome-— 
thing lefs than triple. But the real heats of thefe 
things are {till lefs differing from one another. 
Suppofe for example Fabrenheit’s ice and fpirit of 
nitre mixture of—gr. 40 had been at the loweft 
boundary of heat (though there is great reafon to 
think that to be ftill much lower) and then we 
fhall find that the heat of boiling water fhould be 
to that of our bodies Only as 212-++40 to 98+40, 
or 252 to 138, or 17°83 to 1: that isnot fo much 
as double. Who before fuch a particular exami- 
nation would have thought the burning deftroying 
heat of boiling water not to be altogether twice fo 
great as the foft temperate heat of a man in health ? 
And upon the former reckoning of red-hot iron, 


its 
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its hieat. thould ibe to the heat of our {kin inftead 


of 10 or 12 to 4;.only as about 700 to 138, or 5: 


to-1.. So that by thus-bringing down the limits of | 
heat at leaft 72 degrees below-the ordinary reckon- 
ing, we find its various characters as frof?, tempe- 


rate, warm; tapid, boiling water, red-hot tron, &c. 


whatever their arithmietical diftances come out to 
be, are not fo-different in their real proportions to 
one another, as is commonly fuppofed. Though, 
on the other hand I would not affirm them to dif- 
fer fo-little as Mr. Amonton’s * reckoned. . In whofe 
{cheme the air fhould intirely lofe its elafticity; 
when it is perfectly devoid of heat (of which how- 
ever I think. we are not well. affured).and then in 
fuch a total abfence of heat, were it poffible to 
procure it, reducing his numbers to-ours, the mer- 
cury in Fahrenheit’s Thermometer fhould fall.431 


- divifions below the cold of freezing water, or to— 


gr. 400 q. p. a degree of cold,as much below the heat 


of the human body, as that is below the burning 


heat of oil or mercury boiling. But as we are not 
quite certain about this loweft degree of heat, we 
muft as I juft now faid, content our felves to obferve 
the arithmetical differences of the various degrees 
of Heat in Bodies, though we fhould not be able 
to determine their real or abfolute proportions, 
until we fhall acquire a farther infight into the na- 


* Hilt. Acad. Scienc. 1702. p- 8. Mem. 1703. p. 
63. 64. 238. pos 
ture 
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ture of things than we have at prefent. It is good 
to know the narrow limits of our faculties, and 


modeftly to confefs the bounds of our knowledge : 


ever keeping in mind that excellent axiom of the 
Lord Verulem *, ‘© Homo nature minifter & in- 
‘¢ cerpres tantum facit & intelligit quantum de or- 
‘¢ dine nature opere vel mente obfervaverit: nec 
“* amplius {cit aut poteft.” it muit be by this road: 
of experience and obfervation, pointed out to us 
by the great Lord Chancellor, if ever we arrive at a. 
higher degree of knowledge than what we at pre= 
fent enjoy. | 


Il. Of the Heat of the Air. 


12. In our fearch + after the loweft degree of 
Feat, though we could not arrive at it, we found 
however in feme feafons and parts of the world: 
exceflively great, and as it were monftrous degrees: 
ef cold; and which the inhabitants of the earth: 
can fearcely bear; they are intolerable both to a- 
nimals and vegetables. ‘lhe quarters of the earth, 
within the polar circles, were thought by the An- 
cients to be uninhabited by reafon of the excefs of: 
cold prevailing there, cevoinntos Ose pores m3 

* Nov. Org. I. x. 
r ‘4. 6. 
+ Diog, Laert, VIL. 156. 


IO, 


Frigus 
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Frigus iners illic habitat, pallorque, tremorque, ac 
Jejuna fames, 


“ Quia,” (fays Macrobius },) ‘* torpor ille glacialis. 
© nec animali nec frugi vitam miniitrat.” 


Pigris ubi nulla campts 
Arbor afiiva recreatur aura |. 
And indeed thefe bleak wild parts of the world, 


though not quite wafte, are but thinly peopled. 
And no wonder, There, and in other difadvan- 


tageoufly fituated places, where fuch intolerable 


colds chiefly rage, men muft fhelter themfelves in 
clothes and houfes. The beafts of thefe countries. 
are many of them provided by nature with a thick | 
warm covering; or mutt retire the beft way they 
can from the killing colds of winter, which how- 
ever. often overtake them. The very vegetables 
themfelves would die were they not commonly im 
thefe feafons. buried under {now to fuch great 
depths, as the extreme feverity of the cold cannot 
reach. In bitter black frofts we often experience 
the. fatal effects of the want of this fhelter and 
protection, even in the humbler tribe of vegetables.. 


_ And though there be plenty of {now, the trees 


and higher fhrubs, that are not covered by it, are 
great fufferers in the extraordinary fevere Winters, 


t In Somn, Scip HI, §. Pp. M. 1106. 
| Horat. Carm, 1, 22. 
evem 
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éven in the more happy and otherwife more tem- 
perate countries. As has been often feen, and im 
our own days was experienced through all Europe 
in the years 1703, 1728, &c. *; when the Ther- 
mometers pointed thefe low degrees. of heat we 
had formerly occafion to mention, 


13. But thefe and fuch like exceffive colds are 
in thefe parts of the world juftly looked on as a 
fort of irregularities, and out of the ordinary 
courfe of things. In thefe temperate climates of 
ours the mercury feldom falls under gr. 16. And’ 
even then it is extraordinary cold. And indeed’ 
we are apt to reckon it very cold at gr. 24. By 
the very conftruction of the Thermometer it is 
flight froft at gr. 32: and continues coldith to gr. 
40, and. a little above it.. 


14, ‘Fhe middle temperature of our atmofphere’ 
in thefe countries is about gr. 48, when we cannot’ 
call the weather either hot or cold; and is as it’ 
were a medium of all the feafons; coinciding pret-: 
ty nearly with the middle vernal: and: autumnal 
heat, as obferved im England by Sir Ifeac Newton, 
and Dr. Hales, and by Mr. Crueguius in- Holland: 
The French raife this. middle temperature a little 
higher, ‘Lhey reckon it equal to the heat of the. 


* Phil, Trani Abr, IV. 2. p. 120, &c. Mem, Aca 
Sc. 1710. p.. 186. Hales. Veg: Stat. p. 74, &c. 
cave. 
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cave of their royal obfervatory: and this, both by 
obfervation, and a calcul, comparing it with Mr- 
Amontons’s Thermometer, I find to be at gr. 53 in 
Roemer’s. And indeed this middle temperature of. 
the air we may eafily conceive to be very different 
in different countries. It is to be reckoned as a 
relative fort of thing, varying according to the 
various climates and conftitutions of bodies in 
them, which by ufe come to be fitted to different 
temperatures. In the cold countries the air wil] 
be found agreeable enough to the inhabitants while 
it is betwixt gr. 40 and 50. In thefe middle cli- 
mates in our neighbourhood, and not too far 
fouth of us, we are beft pleafed with the Heat of 

the Air from alittle under gr. 50 to gr. 60; while 
in the hot countries they have their air generally, 
and can well bear it fomething both above and be- 


low gr. 70. 


15. When the heats in the refpective climates 
are either much higher or much lower than thefe, 
both men and beafts are fain to provide againft 
them the beft way they can. In the cold they 
—fhelter themfelves in houfes, dems, holes of the 
earth, &c; and the human kind befide that provide 
for themfelves clothes and fires, to protect them 
from the feverity of the weather. In the heats we 
lay afide our clothes, or take to the lighteft fort ; 

we fhun the mid-day air, and retire to the cooleft 
places; for in the day time it is generally warmer 


in 
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in the open air than in houfes. And fome of the 
bird kind choofe to fhift their country in the dif- 
ferent feafons of the year, finding always by this 
means a temperate enough climate for their con- 
ftitution. 


16. But the fame degree of heat is not equally 
fitted to all animals. Some kinds naturally cheofe 
a cold country, while others indulge themfelves in 
a warmer climate, and find that better fitted -to 
their conftitutions. And fo too, though with Dr. 
Hales * we fhould deem the moft genial heat for 
the generality of plants to be from gr. 52 te gr. 


69, the various clafles of vegetables have their va- 


rious temperatures of the air in which they can 
thrive beft. Every body knows that fome plants 
can live only in the cold countries, being burnt up 
if tranfplanted to a more fouthern foil; while the 
natives of the warm countries are chilled to death 
with us, if not very carefully and artfully protedct- 
ed from the injuries of our feverer weather. This 
piece of culture, propofed long fince by the great. 
Lord Verulam*, has been, in our time, carried to 
a furprifing height. With the help of Thermo- 
meters we can fo adjuft our ftoves, green houfes 
and hot-beds, as to imitate the temperature of any 

’ + 


* Veg. Stat. p. 59. 


+ Nov. Org. II. 35. p. 254. 50> P. 348. Nat, Hin. 
4K. 405, 412. 856. 


climate 


or HEAT iwBODIES. 109 
elimate we pleafe ; and to fupport and keep in 
ftrong life and vigour the plants, which nature has 
given only to the warmer countries, According 
to the obfervations of the London gardeners, as 
marked on Mr. Fowler’s Thermometer reduced to 
ours, I find the kindly degrees of heat for feme of 
the moft curious foreign plants to be thefe. For 
the Myrtles gr. 44; Oranges gr. 473 Ficoides gr. 
50; Indian Fig gr. 534; Aloe gr. 57 ; Cereus gr. 
60; Euphorbium gr. 63; Piamento gr. 66; A- 
nanas gr. 60; Melon Thittle gr. 73. 

Not as if thefe plants could bear only fuch and 
foch precife points of heat. They, like other ve- 
getables and animals, have a confiderable latitude 
that way; and can fuffer the air both colder and 
warmer than thefe degrees, which however are 
reckoned moft adapted to their nature. ‘Though 
I fufpe& fome of them are marked too low, being 
far under the ordinary and moft kindly heats in 
thefe countries where fuch plants naturally grow. 
But there indeed they have a freer and opener air; 
where confequently they can bear greater heacs 
than in our fmothered and pent up ftoves and 


- green-houtes. 


47. Even we in this country do not reckon the 
air warm till it arrives at about gr. 64. It is to us 
very warm and fultry at gr.80. And Dr. Boer. 
hoave * thought it naturally fcarce ever exceeded 


Le Chem. I. 156. p. 192. 207. 213. 274. 278. $53. | 
K gr. &@ 
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gr. 80 or go.at moft, reckoning fuch hot air would 
foon be deftru&ive of the life of animals. But 
fometimes even in thefe temperate climates the 
weather has been found much hotter, I find -ob- 
fervations recorded of the weather at Utrecht, 
Paris, Padua, &c. having fometimes been obferved 
fo hot, as that the mercury in our Thermometer 
would have been raifed to above go.degrees. dn 
Pennfylvania, no intemperate -climate neither, the 
heat in fummer 1732 came once to be gr. 96 or 
97 *. And Mr. de Reaumur + premifes us obfer- 
vations of heats that people were obliged to fuffer, 
though they reached to gr. 38 in his ‘i hermometer, 
or near gr. 104 in ours, Even in the more nor- 
thernly countries, where the fun has lefs influence, 
we can by art contrive a method of giving unde- 
niable evidence of animals being able to bear a ftill 
greater warmnefs of air. In the outer bagnio at 
Edinburgh the heat ufed to raife our Thermometer 
to er. 90; where, though at your firft entry it 
feemed indeed a great deal too hot, and fomething 
cifagreeable, yet foon it became fo very tolerable, 
that one might without any uneafinefs have con- 
tinued in it as long as he had thought fit. Yea 
one could ftay fome hours in the inner bagnio, 
though the heat there ufed to be about gr. 100. 


* A&. Berolin. Cont. 1V. p. 131. 


4 Mem. Acad. des Sc. 1736. p. 486. 489- 
18, From 
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18. From all this we fee how finely every thing 
has been contrived and adjufted by the great and 
wife Author of nature ; and what a vaft latitude 
of the heat and cold of the air the animal body, 
efpecially that of man, can bear, from the fultry 
burning heats, as hot or hotter than his blood, 
down to the chilling colds .a good deal below that 
of freezing water. Though indeed it is about 
fome intermediate diftance betwixt them, where the 
heat is moft agreeable, or beft tempered to the bo- 
dies of animals and vegetabies. 


= 
19. And it was only the middle climates or tem- 
perate zones that many of the Ancients imagined 
were habitable by us mortals, 


Mortalibus egris 


Munere conceffe divim *. 


« Jn his,” fays Macrobius +, ‘* tantum vitales au-, 
‘¢ rag natura dedit incolis carpere.”” And accord- 
ingly much was faid long ago of the intolerable 
heat of the torrid zone, as by that means unin- 


* Virgil Georg. I. 237. 


+ In Somn, Scip. II, 5. p. m. 116. 
K 2 habitable 
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habitable by men, avosxnros vro xavpatov t. Whence 


Ovid ||, {peaking of the zones of the earth, fays 


Quarum que media eft non eft habitabilis eftu, 


Virgil* fays the fame thing in a more pompous 
manner, i 

Quarum una corufco 
Semper [ele rubens, & torrida femper ab ignt. 
And Horace +, with his ordinary poetical imagery, 
fuppofes himfelf placed, 


Sub curru nimium propingué 
Solis, in terra domibus negata. 


2. 


But Tidullus § exprefies the pofition of this part of - 
the earth, and its confequences, more fully than 
any of them in thefe lines. 


Media eft Pheebi femper fubjeita calori. 
Non ergo preffo tellus confurgit aratro: 
Nec frugem fegetes prebent, mec pabula terre. 
Non illic colt arva Deus, Bacchufve, Cerefve, 


WVulla nec exufias habitant animalia parteis. 


t Stoicks in Diog. Laert. VII. 156. 
|| Metamorph, I. 49. . 
* Georg. 1.5234. 
+: Caro. 1. 22.0%) 
§ Eleg. IV. 1. in Meffal. 
3 But | 
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But this opinion was, I humbly think, among their 
vulgar errors, received chiefly by the people, and 
taken up by the poets as a beautiful fiction, which 
we cannot well fuppofe they really believed. ‘The 
wifer fort, though they fometimes {poke * like o- 
ther folks, knew better things. Their hiftorians 
and geographers have recorded tolerable good ac- 
counts of fome of the middle parts of the earth 
within the tropicks. £thiopia, Arabia Felix, the 
fea coalts of India, the ifle of Taprobana, Ophir, 
Tarfhi(bh, &c. were heard of even by the common 
people, all well inhabited, though lying within the 
torrid zone. And the travels of the Ancients, as 
well as ours, fhewed thefe countries not to be dif- 
agreeable or inconvenient for human life. Nay 
the heats there are by no means fo exceflive as we 
are all, before trial, ready to imagine and expect. 
The Jefuits miffionaries to the Ea/- Indies + took 
particular notice of this. And their capacity of 
-obferving fuch things, and their fidelity in relating 
“them no body will call in queftion. And lately 
the curious Mr. Cofigny’s thermometrical obferva- 
tions { fhew that the ordinary heats, even under 


* See Cicer. Somn. Scip. 6. Macrob. in Somn, 
‘Scip. Ul. 5.6. 7. Diog. Laert. VII. 156. 

+ See Du Hamel. Hift. Ac. Sc, p. 272.273. Hitt. 
Acad. Sc. 1666—1698. TI. p. 111. 612+ Mem, Acad. 
Sc. 1666—1698. VIL. p. 835. 


Sam Ac, Sc. 1733+ P> 580, &c. 1734. p. 759. &e. 
‘XK 3 the 
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the line, and near it, are not greater than what 
have been in fome extraordinary feafons obferved 
at Paris, and other places, that every body knows 
to be temperate enough. 


20. It is true all thefe obfervations were made in 
iflands, and on or near the fea coafts, which we 
may prefume to be fomewhat cooler than the in- 
land countries ¢. But ftill we are well affured that 
even thefe can eafily enough be born with. And 
all thefe parts of the world have that advantage of 
the weather there being much more uniform than 
with us. Their air fuffers much fmaller changes 
both in the incumbent weight of the atmofphere 
preffing it, and in the degrees of heat wherewith 
itis warmed. Dr. Halley } tells us that he, as well 
as others || who have fojourned within the tropicks, 
found very little variation in the height of the 
mercury in the Barometer, which we know to be 
2 or 3 inches in the more northern regions. And 
we are all but too fenfible, and we had but juft now 
occafion to take notice of the vaft changes of the 
temperature of the air in this quarter of the world ; 
which through the whole year is commonly found 
fo equable in the torrid zone, At Siam within the 
lat. 15°, from the greateft winter cold to their 


+ See Mem. Acad. Sc. 1666—1695. VII. p 837. 

t+ Phil. Tranf, Abr. If. p. 18. 20, 22. 

\| Vid. Mem, Ac. Sc. 1666—1698. VII. p. 840. 
higheft 
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higheft fummer heat the Jefuits experienced a dif- 
ference only of 26 degrees in Hudin’s ‘Thermome- 
ter * ; the extent of which I believe differs not 
much from the like number in ours. + In Bata- 
via, though a very hot place, and in gr. 6 fouth 
lat. the excefs of heat above the greate{t cold was 
ftill fomething lefs. And in Adalacca ¢ but 2 de- 


grees of latitude from the equator, the weather is 


very temperate, and fo equable, that for 7 months 


together the fpirit in the ‘Thermometer was never 


under gr. 60, nor above gr. 70. || In the ifle of 
Bourbon, in the latitude about 22°, the difference 
between the higheft and loweft afternoon heat in 
a twelmonth’s time was but 8 divifions in De Reau-_ 
mur’s Thermometer, which make up fcarcely 35 
in ours. And the ordinary difference of the night 
and day heat in thefe climates was found a {mall 


“matter compared to what we have it commonly 


with us §. And as the torrid zone excels our 


countries hereabout in a more equable degree of 
heat and weight of the atmofphere, fo we are 


more happily appointed that way than in Sweden 


* Du Hamel Hitt. Ac. Sc. p. 272. 

+ Ibid. p. 273. 

+ Ibid. 

| Mem. Ac, Sc. 1734. p- 762. 

§ Ibid. 1666—1698. VIL. p. 837. 1733. Pr 5376 
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and Lapland, and thefe other northern regions +. 
From whence it would feem a general rule that, 
ceteris paribus, the greatnefs of the viciflitudes of 
the air increafes with the latitudes of the places as 
you go from the equator. 


Tid. Of the comparative Heats of tke Sun, Earth, 
Planets and Comets. 


21. We have hitherto confidered the air, though 
influenced by the Sun, as fhaded from its immedi- 
ate burning operation. For in the open air expo- 
fed to its direct beams fhining with greateft advan- 
tage the heat is found much higher than any thing 
we have hitherto been fpeaking of. And an exa- 
mination of this will naturally lead us into the con- 
fideration of the Heat of the Sun, the inexhautfti- 
ble magazine of light and fire, the great furnace 
of our fyftem ; and to confider its influence on 
bodies placed at different diftances from it. 

Sir [faac Newton * comparing the Sun’s influen- 
ces on the Earth and Mercury, which by its vicini- 
ty to the Sun fhould have feven times more heat 
from him than we, reckons the folar heat in that 
planet fufficient to boil our water,. and quickly car- 
ry it all off in vapour; having found by a Ther- 

+ See Phil. Tranf. Ab. IL. p. 22. Maupert. Fig. de 
la Ferse. @: 92. 


* Princip, II]. Prop. 8. Cor. 4. p. 406. 
mometer 
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mometer that water was boiled by a heat feven 
times greater than the heat of the fummer Sun ; 
which then in this reckoning fhould be only at 
gr. (324+722=)58, But this expreflion of the heat 
of the fummer’s Sun mult be greatly modified to be 
confiftent with the true ftate of things. He muft 
not only have meant it folely of the degrees above 
freezing water (as was then the fafhion of thinking 
and fpeaking) but alfo initead of fummer Sun, he 
mutt really have underftood the ordinary fbaded air 
in fummer, or ihe Summer heat of the air, as Dr. 
Pitcairn *, (who I fuppofe had his obfervations of 
this matter from Sir //aac) exprefles it. Though I 
muft confefs that this could be but very improperly 
compared to the folar heat at Mercury ; except we 
fuppofe that he likewife meant the heat in the fhade 
at Mercury too. And farther it will be reckoned 
an incongruous way of judging of the Heat of the 
Sun by taking our meafures from its impaired atti- 
on on the air fcreened from its direct rays. 


22. The direct fummer mid-day heat is vaftly 
greater than fuch a low allowance ; it having been 
found, even in thefe northern climates, able to di- 
late the fluid in the Thermometer much more than 
7 of the dilatation caufed by boiling water. Dr. 
Boerbaave is the loweft in his reckoning of any 
that pretended to take an eftimate of it, faying + 


* Elem. Med. II. 1. § 26 


, + Chem. I. P-> 213. 
y that 


118 Tue VARIOUS DEGREES 


that the greateft heat ever produced by the dire& 
action of the Sun in our air, or other bodies heat- 
ed by it, feldom reaches to gr. 84. And at ano- 
ther time {, though he raifes it a little higher, 
feeming to allow that the great dog-day heat may 
come to gr, 90, he thinks it can fcarce ever go bes 
yond thefe bounds, or arrive at the heat of the hu- 
man body. But Sir //aac himfelf in another place 
of his book * exprefsly tells us that he found the 
heat of boiling water only about three times great- 
er than the heat communicated to dry earth by the 
fummer Sun. And fo too Dr. AMuj/chenbroek F 
reckoned it probable that the heat of boiling water 
is three times greater than the greateft heat com- 
municated to bodies by the fummer Sun in his 
country ; by thefe reckonings this heat amounting 
to gr. (32442°=)92. Nay even in Jtaly Borelli | 
and Maipighi § found this heat of the Sun in mid- 
fummer only equal to the heat of the vifcera of 
hot animals, I fuppofe about gr. 102; not a great 
deal higher than what Newton and Muffchenbroek 
reckoned. 


23. All this may, I believe, commonly be juft 


andtrue enough. But it is not fo univerfal, either 


t Ibid. p, 256. 

* Princip. p. 503. 

+ Tent, Exp. Ac. Cim. Add. II. p. 22. 
{ De Mot. Anim. II. Prop. 96. 221. 

§ Op. Polt. p. 30. 
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ms to times or places, as one would be ready to ex- 
pect from fuch ways of fpeaking. The Lord Ve- 
rulam * long ago took notice that the higheft de- 
gree of animal heat fcarce ever attained to the heat 
of the Sun’s rays in the feorching climates and fea- 
fons. And even in this cold country at fome times 
I have experienced greater Heats of the Sun; and 
fo might any body elfe that would attend to it have 
done. Many have had occafion to obferve how 
vaftly metals are heated in the Sun. Sir J/aac New. 
ton + takes particular notice of this; I have in this 
place in the latitude of 56° 20’ feena piece of iron’ 
heated fo much thatI could not hold it in my 
hand above a few feconds of time; and therefore 
it was much hotter than my blood. And I have 
oftener than once feen dry earth heated to above 
gr.120. And Dr. Ha/es ¢ found a very hot fun- 
fhine heat av. 1727 ftill greater, viz. at about gr. 
140. And Dr. Muffchenbroek § in his later trials 
once experienced it fo high as gr. 150. So that 
reckoning from the freezing point at gr. 32 in the 
common way, thefe ftrong fun-fhine heats were 
“much greater than j, or even the half of the heat 
of boiling water. And in the more fouthern coun- 
tries it has been found ftill greater at fome particu- 


* Nove Org,’ PEF 1 3) pi te2. 
+ Princip. p. 420. 

t Veg. Stat. p. 59. 

§ Eff. Phyf. § 974. 
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Jar times. Much has been faid of the feorching 
and intolerable heat of the Sun in the torrid zone. 
* We have many ftrange ftories of extraordinary 
fummer heats, as great tracts of land, houfes, &c, 
fet on fire, ftones heated fo as to melt lead, Ga 
Thefe indeed feem extravagant. But the German 
Annals + preferve the memory of an exceflively 
hot fummer an. 1230, when they roafted their eggs 
in the fand heated by the fun. And I have been 
told that in Egypt, by no means the hotteft coun- 
try in the world, they can often on the tops of their 
houfes roaft their eggs at the fun.. And to harden 
the white of an egg I find the heat of about gr. 
156 to be neceflary. In the year 1705 the fummer 
was very warm. { At Mentpelier one day the Sun 
was fo very hot as to raife the quickfilver in M. 
Amonton’s Thermometer to the mark of boiling 
water itfelf, which is our gr. 212. 


24, But after all, thefe great heats will be reckoned 
irregularities, and out of the ordinary courfe of 
the feafons ; and what may be produced by the Sun 
only in certain times and circumftances. For in 
our temperate climates the moft common and or- 
dinary noontide heat of the fummer fun may be 
found to raife the quickfilver in the Thermometer, 
but about 60 or 70 divifions above the freezing 


* See Boyle Hilt. of the Air, Abr. 3. p. 55. 
+ See Lipfii Epift, ad Belg. IL. gt. 


+ Mem. Ac. Sc. 1706. p. 15+ | 
point 
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point at gr. 32; and the afternoon heat in the fhade 
about the half of that. So the ordinary fummer 
Sun heat with us does nearly coincide with the heat 
of our body ; which was found * to be fomewhat 
more than the half of the heat of boiling water, 
fuppofing Fahrenheit’s cold mixture to fe the very 
loweft degree of heat; and fo too boiling water 
inftead of feven times, is but between two and 
three times hotter than our common fhaded warm 
air at midfummer, 


2s. However this folar heat is ftill much greater 
in the warmer countries. And if we pretend to 


make any comparifon of fuch things, it is our €- 


.quatoreal heat we fhould reckon as the Sun’s true 
heat at ourvorbit, and what we fhould collate with 


its influence on the other planets, or its heat at 
their refpective diftances. 


26. But what on the other fide will lower or 


bring down this folar heat very much is this confi- 


deration, that the heat communicated by the Sun 
to bodies on this earth depends much upon other 
circumftances befide the direct force of its rays, 
Thefe muft be modified by our. atmofphere, and 
varioufly reflected and combined by the action of 
the furface of the earth itfelf, to produce any no- 
table effects of heats For were it not for thefe ad- 


* See} Ui. 
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ditional circumftances I queftion much if the nas 
ked heat of the Sun would to us be very fenfibles 
We find all our great heats to be in thofe places 
that lye low, and have a great height of atmof- 
phere above them, and furrounded by eminencies 
and rifing®rounds. * If you afcend on high te 
the tops or the very elevated mountains, you aré 
chilled with cold, and you find everlafting fhows, 
that after thoufands of fummiers have fcarce ever 
been thawed, though every day expofed to the di- 
rect rays of the Sun; which in fome countries are 
darted perpendicularly on then. ‘We hear that the 
French Virtuo, whe by order-of the King went to 
America to make their obfervations on the figure of 
the earth, &c. found on the very high hills there 
juft under the line fuch exceffive colds, that it is 
fufpected they were as imtenfe as what were obferv- 
ed in Lapland itfelf. So neceflary it feems is a long 
and direct paflage through all or the greateft part 
of the depth of our atmofphere, or the affiftance 
of its preflure, or the reflections of rays from the 
Farth’s own fu. face, to invigorate thefe rays, and 
to give them firength for warming terreftrial bo- 
dies. ‘Lo which too the particular fulphureous na- 


* See Liv. Hid. XX'. 32. Senec. Nat. Ou. IVa 
rr. Bacon. Nov, Org. [I], 12. p. 169.. Borell. de Ins 
cend Aetu.p. 7. 50. Boyle Exp, on Cold Abr. I. 
p. 639. 658. ditt. of the Air. Abr. IIf. p, 53. 543 
a5. Boch Chem, f. p..93. 7853476. 

ture 
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ture of the low parts of the atmofphere may not 
a little contribute. 


27. So then there are other circumftaiices befide 
the vicinity to the Sun that may influence and de- 
termine its heating virtue. Thus reckoning the 
force of heat to be ceteris paribus as the denfity of © 
its rays, or reciprocally as the fquares of its dif. 

tances from the central fire, the planet Mercury is 
fo much nearer the Sun than the Earth, that its 
heat from him, by calculation of their refpective 
diftances, comes out feven times greaterthan ours *. 
And fo would an inhabitant there feelit, if they 
have the furface of Mercury difpofed like that of 
our Earth, and an atmofphere hanging over their 
heads fo like ours, as to qualify the Sun’s rays in 
the fame manner. But if they have little or no 
atmofphere (which feems to be the cafe of our 
moon) or an atmofphere fo difpofed as only to af- 
fect the rays of heat in the manner that the upper 
parts of our atmofphere do, then it is poflible the 
-folar heat at Mercury may be as tolcrable as on 
our Earth. Andon the other hand, though we 
commonly reckon + that our waters fhouid be fro- 
zen up, and we ourfelves be chilled to death in 
‘the far off planets Jupiter and Saturn, they may, 
for ought we know, have their atmofpheres and 


* See Newton. Princip. III. Prop. 8. Cor. 4- p. 40€. 
+ See Newton. Ibid. p. 405. 
L 2 furfaces 
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furfaces fo conftructed, as to render the folar heat 
comfortable enough even for animals and vegetas 
bles of the like nature and paffions with our own. 
“ 
28. But the cafe of the comets is vattly different 
from any thing we can propofe of the other pla- 


‘nets. Their orbits are fo excentrical, that they 


mutt be very varioufly affected by the Sun in the 
<.ferent parts of their courfé But yet their at« 


smofpheres and-bodies may be of fuch a nature as 


that they fhall not be heated to fuch a vaft and al- 
moft inconceivable degree as is fometimes fuppof- 
ed. In the Newtonian fyftem of comets * the dif= 
tance from the Sun of that famous one which ape 
peared an. 1680 + in its perihelion was, by calcu- 


dation, to the mean diftance of the Earth in the ra- 


tio of about 6 to 1000: fo that its heat in that 
* Newton. Ibid, Pp. 508. 


+ It is fuppofed by many to have been this very co-= 
met that appeared an. 1106, an, 531, an. A. C. 44s 
&c. See Newton, Princip. p. sor. Halley Synopf.. 
of Comet, in Gregor. Afiron. in Englith, p. gor. 902, 
903. Whifton New Theor. of the Earth. preys 
191. &c. But M Caflini reprefents the comet, or co« 
mets an. 1680 ina very different manner. from thefe 
authors ; nor does he make that great blazing ftar that 
alarmed all Europe, to have been fo very excentrical, 
or to have come fo very near the body of the fun as 
"hey do» See Mem. Acad, Sc. 1731. p- 464—~468. 
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part of its period Sir //zac determines fhould have 
been to our fummer heat reciprocally as the fquares 
of thefe numbers, that is, as 1000000 to 36, oF 


28000 to 1. And therefore, feeing the heat of 


boiling water is three times greater than what dry 
earth acquires from the fummer Sun, and the heat 
of red hot iron three or four times greater than 
the heat of boiling water, he computes the heat of 
the comet fhould have been 2000 times greater than 
the heat of red hot iron. A prodigious and ter- 
rible heat, even with all the abatements we have 
been propofing; and which I conceive no body 
can take on, that is not -immenfely denfer and 


-more fixed than any terrefirial body we know. 


For from the example of common water, &c.. * 


| it would feem that all bodies are, according to 


their various degrees of denfity and fixednefs, fuf- 
ceptible juft of fuch and fuch particular degrees of 
heat, beyond which, whatever fire be applied 
to them, they cannot be raifed; though by a heag. 
exceeding thefe their parts are all diflipated, are 
rendered volatile, and fly off in vapour. And yet 
J cannot but take notice that all this calculation is 
upon the fuppofition that the comet was in its own: 
nature like our Earth, and involved in an atmof- 
phere like ours: otherwife that method of reafon- 
ing and analogy cannot take place ; nor would the: 
Sun’s heat affect it in that way. 


29. But I fay again under another view and cons: 


* Sce Boerh. Chem. f. p. 265. 248. 
Ly % fideration,, 
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fideration, what if the real folar heat both in itfelf, 
and what it can communicate to us, and other pla- 
netary bodies (while it is not concentrated by burn- 
Ing glafles, or ftrengthened by other affiftances) 
be-vaitly lefs than what is commonly reckoned ? 
All the natural heat we meet with here on the 
earth we are ready to afcribe tothe aétion of the 
Sun, which perhaps has but a fimall fhare in it, o- _ 
verlooking a fource of heat, which, though often 
fpoke of by the Theorifts of the Earth *, is fel-. 
dom confidered in that advantageous light I would’ 
choofe to take it. We formerly took notice of 
what a great ftock of heat all terreftrial bodies are 
pofleffed, even in the coldeft winters. Every body 
has felt or heard that the temperature of the air in 
mines and other places deep under ground is warm, 
or at leaft very tolerable. And we know, from 
the niceft obfervations, that in the cave of the ob- 
fervatory at Paris, only about go feet under 
sround, the heat keeps the Thermometer at gr. 
$3; and that without any afliftance from the Sun; 
it being never fenfibly increafed by the moft- 


* See Empedocles in Plutarch. de Prim. Frigid. p. 
m. 507. Des Cartes Princip. Phil IV. 3, - Burnet 
Theor. of the Earth. 11]. 6. Woodward Eff. Nat. 
Hit. of the Earth. p, ~135—162. 220-205. -Nage 
iif, &e. illuftr, &c, Introd. p. 136. 149.——143. 
149—~152- Whilton New Theor. &c. p. 78. 231, 
334-447. Gaillend. Epicur, Philofoph. I, p. 546, 
&e, 
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fcorching feafons beyond its heat in the moft fevere 
winters that have been felt there. And the fame 
conftant and unalterable degree of heat was obfer- 
ved by Mr. Boyle * in a cave cut deep into the 
earth. + And great and even troublefome heats 
are faid to be obferved at greater depths, and in- 
¢reafing in proportion to thefe depths; though I 
could wifh thefe heats had been more regularly 
meafured and afcertained than what I can find 
they have yet been. So that it would feem the bo- 
dy of the Earth has a very great proper internal 
heat, independent on the Sun, and very much be- 
yond what he, without the intervention of our at- 
mofphere, could communicate to it; fo great as 
within go feet of its furface to raife the Thermo- 
‘meter 93 divifions above Fubrenheit’s cold mixture | 
or 453 divifions above what M. Amontons reckon- 
ed the loweft degree of heat. This Heat of the 
Earth at its furface is fomething lefs, and beyond 
that its force decreafes indeed very faft, fo as to 
leave the air at a {mall height above it a good deal © 
colder ; and which we find on the very high hills 
to be exceflively cold, and not to be much warmed 
by the additional heat of the fun’s direct rays, if 
they be but little altered by the earth’s furface and 
-atmofphere. 


* Mem. Hilt. of the Air. Abr. HT. p.54. 
+ See Boyle Exp. on Cold. Abr. I. p. 641. 700, 


yor. 702. Boerh, Chem. 1. p. 479, Woodw. Eff, 
Nat. Hift. of the Earth. p. 136, 


30. It 
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30. It is not our bufinels fo much as to attempt 
the explaining the caufe and confequences of this 
innate heat. ‘hat is the work of thofe who have 
fire and fancy enough to build worlds or theories 
of worlds. I will only beg leave to obferve after 
the Lord Verulam *, Mr. Boyle +, and others, that 
the various temperatures of the air in different 
places of the earth do by no means correfpond to 
what fhould be the refult of their pofition to the 
Sun. ‘To omit variations that are fmall and of lefS 
moment, I fhall only take notice of the much 
greater cold in all the fouthern hemifphere than in 
the fimiliarly fituated places of the northern ote; 
and of the greater colds in the North American 
countries, than in thofe of the fame latitude on 
the European fide of the globe. All which argues 
a copious fund of fome other more potent caufe of 
heat than the regular actions of the Sun; and that 
that caufe, inherent in the earth itfelf, is ftronger 
in fome regions of it than in others; though e- 
very where confiderable and of great force. 


31. The ingenious Dr. Halley has a very bold: 
hypothetis, which, befide other purpofes, he em- 


* Seq. Chart, ps 102. | 
t+ Exp. on Cold Abr. I. p. 657.~— 660, 670. Mem, 
Hift, of the Air Abr. III, p. 52. 
} Phil. Tranf. Abr. VI. 2. p. 41, 
ploys 
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ploys in accounting for this anomaly of thefe warm 
and cold quarters of the world. He imagines that 
once the Earth moved round an axis very different 
from the prefent; and fo that ‘* the extreme cold 
* feltin fome places, as in the north-weit of A- 
“ merica, about Hudfon’s Bay, may be occafioned 
** by thofe parts of the world having once been 


“ much more northerly, or nearer the pole than 


“ now they are; whereby there are immenfe quan- 
tities of ice yet unthawed in thofe parts, which 
“ chill the airto that degree that the Sun’s warmth 


39 


*« feems hardly to be felt there ;” which after fome 
thoufands of years have not yet, it feems, acquir- 
ed a fufficient heat. While by a parity of reafon 
we may from the fame principles infer, that the €X- 
traordinary foft temperature of fome other places 


may be owing to their having originally been under 


or near the primitive equator, whereby they had 
acquired a heat which is not yet quite difiipated. 


But, befide that in fuch an hypothefis thofe 


places fhould conftantly be coming nearer and 


“nearer toa regularity and uniformity with other 


countries alike in latitude and other ordinary cir- 
cumftances, the heat of bodies is fo tranfient and 
fleeting, and the influence of the Sun reaches fo 


Kittle way into the body of the Earth, that I cannot 
‘conceive, even allowing the fuppofition of a chang. 
ed axis, that the various degrees of the original 


primitive heats of the Earth, communicated to it 


| by the Sun, could poffibly have been fo permanent 


and: 


| 
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and lafting, as to fhew themfelves fo effectually at 
this day. So that, as I faid before, fuch a variety 
of heats muft rather be owing-to an internal caufe 
operating more intenfely in fome regions than in 
othérs ; and every where much more ftrongly than 
any influence the Sun can give them. 


32. Andif this be the cafe of the reft of the 
planets as well as of our Earth, their heats, or the 
heats of bodies on their furfaces, will not folely 


nor even chiefly depend on the a&tion of the Sun 


on them (as the philofophical Aftronomers * feem 
by their manner of fpeaking to fuppofe) thefe pro- 
per innate heats having a greater fhare in them 
than that external addition. Tho’ this however 
may be neceflary to fupport and preferve thofe ens 
tire: feeing all warm bodies, that are not endowed 
with a vital principle of heat, are of their own ac 
cord liable toa conftant wafte and decay of this 
quality. 


33. But whatever be in this, from thefe confi- 
derations the heat of the Sun, and the heats of 
bodies approaching near him, will not be found fo 


* See Newton Princip. p. 4¢5. 406 508. 5¢9. Gres 
gor. Elem, Aftron. VI. Prop, 2.3.4. 5.6. Whitt 
Prel. Math. p. 327. 328. New Theor. &c. p- 53: 
78. Hugen. Cofmotheor Il. p, 694, &c. Derham 
Phyfico-theol, p. 171 —178. 


exorbitant. 
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exorbitant as we have been accuftomed to reckon 
them *. ‘The proper or innate heats of the planets 
may be fuch that the inner ones are in no hazard 
of being too much fcorched, nor the far off ones 
of having too fmall an allowance of the benign in- 
fluence of the Sun’s heat. And that, efpecially 


by the help of peculiarly difpofed atmofpheres con-~ 
5 Pp p y aup i 


curring that way, there may be a great uniformity 
in this refpedt of the whole folar fyftem. Yea even 
the comets themfelves may, for any thing we know, 
be fo conftructed as to fuffer no great inconvenience 


‘by their great excentricities, and very variable di- 


ftances from the central fire. 


34. But where am I going? I find myfelf tread- 
ing on flippery and enchanted ground. I fear i 


omay be thought juft now to have got too far into 


the bewitching and airy regions of fancy and con- 


jecture, where I would not choofe to dwell. How. 


| 


: 


ever, at prefent having a delightful profpe& in 
view, I would fain be indulged in one queftion be- 


fore I quit this place. What if, abftracting from 
the other folar influences of light, gravitation, &c, 


the great force and virtue of its.additional heat on 
the bodies of planets (which is wifely contrived to 
be very variable and fhifting) is to produce fre- 
quent changes on the oiherwife equable heats of 
their furfaces, for very great and noble purpofes 


* See Newton ibid. p. 5c8. Whifton ibid, 
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in the life and fupport of their inhabitants? as at 
leaft we know to be the ftate of our globe, which 
by the viciflitudes of night and day, and winter 
and fummer, and fpring and autumn, befide other 
ends thereby accomplifhed, preferves in action and 
life both vegetables and animals: all which would 
ftagnate and die in a ftate of heat always perfectly 
the fame. For all natural organic bodies, from 
the loweft vegetable to thofe of the higheft animal 
life, have, by the viffitudes of heat and cold they 
neceflarily undergo, a conftant ofcillation, a per- 
petual alternate contraction. and expanfion of all 
their folid and fluid particles. 


35. So then the Sun, though it be not the fole 
or chief fountain, is, as it were, the great regus 
lator of motion, heat and life to the inhabitants of 
this fyftem ; and on this account the benefits to us 
men of this great mover, this awakener and en- 
livener of nature, are highly to be prized. Which 
however were much miftaken by the ancient hea- 
then nations, and {till continue to be fo amongtt 
many in the world; who having loft the true re- 
ligion and philofophy of things, that were given t6 
the firft men, and io fecing things but by halves, 
and dazzled by the fplendor of the fun’s light and 
power, and fenfible influences *, imagined that for 
their life and all the goods'thereof they depended 


* Wifdom of Solomon xiii, 1—7. 
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$n that great luminary; and fo worfhipped the crea- 
ture inftead of the Creator, the work inftead of 
him that made it; the knowledge of whom they 
had utterly loft. And this was never to be reco- 
vered without a new revelation, 2 new communi- 
cation of himfelf from God to man; or a more 
accurate furvey and knowledge of the fyftem of 
nature than what mankind could of themfelves 
foon or eafily arrive at ; by which the feveral con- 
nections, and fubordinate dependances of its parts 
one with another, and the great and univerfai de- 
pendance of the whole ona wife and omnipotent 
maker and ruler might be found out. An inguiry 
indeed of the greateft concern to us men ; and in 
which there have been very great fteps made in 
thefe latter times, that do very much confirm and 
illuftrate the revelation given to éraham for the 
confervation of the true religion, and continued to 
his pofterity ; which was afterwards much farther 
extended by the laft grand revelation concerning 
the great Creator, the Lord of heaven and earth, 
that made the Sun, Earth and Stars; and governs 
them all with infinite wifdom and power. 


IV. Of the degrees of Heat in Animals. 


: 


36. Thus much for the Celeftial and Planetary 


Hleats. But now let us come nearer home, and 
| M confider 
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confider the various degrees of heat in the living 
inhabicants of this our Earth, which we can fee 
and feel, and examine by our fenfes. A very 
fruitful enquiry, and of greater immediate fatiss 
faction and ufe to us, being what we are more par- 
ticularly interefted in. | 

The Heat of Animals is extremely ‘various both 
according to the variety of their kinds, and the 
variety Of the feafons. Zoologiits have jufily e- 
nough divided them into Het and Cold, that is to 
fay with refpect to our fenfes. Thofe that are any 
thing near our own temperature we call Hot ; 
while all the others are-reckoned Cold, who‘’e heat 
is much below ours, and confequently affects our 
feeling with the fenfe ef cold, though according to 
what trials I have had opportunity of making, they 
are all by their ws vite kept fomething warmer 
than the medium in which they live. 

37. The gradations of life from the warmeft a- 
nimals down to perfectly inert matter are very flow, 
and by very {mail and almoit infenfible degrees, 
{eeing as it is not eafy to determine the loweft ftate 
of vegetation; fo too the limits between the high- 
eft vegetables and the loweft animals are with diffis 
culty to be diftinguifhed. Now all bodies partake 
of the heat of the medium furrounding them, as 
air, water, or any thing elfe. Nor can I find by 
the moft careful experiments purpofely made, that 
vegetables, ary more than the moft inert and life- 
lets 


\ 
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lefs maffes of matter, are endowed with any vital 
beat beyond the temperature of the ambient air, 
to be diftinguifhed by the niceft Thermometers: 
As the air is a thin body, eafily heated and cooled, 
fo indeed when it is in a cooling ftate, as chiefly 
“i the evenings and. night feafon, it is colder than 
the plants in it. But on the other hand, for the 
fame reafon through moft part of the day it ap- 
pears, and really becomes warm fooner, and more 
fenfibly than they can do. But when all are kept 
In an equable ftate, there is no difference of heat 
to be obferved, the plants always correfponding ex- 
actly to the temperature of the ambient medium. 
«© In vegetabilibus & plantis nullus reperitur caloris 
é* cradus ad tactum, neque in lachrymis ipforum, 
** neque in medullis recenter apertis *,” 


38. Nay the animals of low life have but very 


Tittle additional heat beyond that of the air or wa- 


ter. The infect tribe greatly difappoint our expec- 


tations, feeming to be the moft tender and delicate 
of all animals, and yet being thofe that can un- 
hurt bear the greateft colds. They are preferved 
in the coldeft feafons with little other fhelter than 
the leaves and ragged barks of fhrubs and trees ; 
holes of the walls, or a very flight cover of earth,. 
and fome expofe themfelves quite naked and open. 


| + Even in the bitter winters of 170$ and 172 the 


* Bacon. Nov. Org. II. 12. 
7 Boerh, Chem. 1. p. 287. 415. 
: M 2 infect 
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infect egos, nymphas, and aurelias outlived the 


colds that were intolerable to the livelier animals, 
And we know how vaftly low the fluid then fub- 


fided in the Thermometers. Mr. de Reaumur * 


found fome very young flender caterpillars that 
were able to bear a cold under gr. 4. And what 
is {till more, the French Mathematicians in their 
Lapland journey in the autumn were peftered with 


innumerable fwarms of flies of various kinds +, 
whofe eggs and aurelias muft have wintered under 
fill greater colds than this. And TI find that caters 
pillars have buta fmall degree of heat, about a 
divifion or two above the air they live in, 


29. The whole infe&t tribe is commonly brought 
under the clafs of Cold Animals ¢. On which 
account I cannot but take particular notice of a 
very fingular exception in the heat of Bees, a very 
remarkable branch of that genus of living creatures, 
As thefe, according to the curious obfervations of 
Naturalifts, have fomething very peculiar in their 
economy, fabric and generation; fo I have ob- 


‘* Mem. Ac. Sc, 1734. p. 257+ 
- Maupert. Fig. dela Terre, p. 12. See too Boyle 
Exp. of Cold Abr, I. p. 661. 


+ Vid. Bacon. Nov, Org, II. §. 11. p. 167. §. 12, 
p. 186. §. 13. p. ty2. Nat. Hilt, 73. Lifter de Bucc, 


P+ 245. 
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_ferved that they have a very fingular conftitution 
_ in the heat of their bodies. This I have experi- 
“enced frequently ; and I find that the heat of a 
{warm of bees raifes a Thermometer buried a- 
mongft them above gr. 97; a degree of mes no- 


thing inferior to our own. 


40. The other animals of low life, agreeable to 
what I obferved of the ordinary infects, have but 
very little additional heat above that of their fup- 
porting medium. I could fearcely diftinguifh any 
jn Mufcles and Oifters. It was very little in the 
Branchial fifhes. In Flounders,. Whitings, Cod- 
- fifth, and Haddocks the heat was found fcarce a 
degree more than the falt water they were fwim- 
ming in, even when that was fo low as gr. 41. 
Nor are the red fifhes much warmer than they, 
' Some Trouts, whofe heat I examined were but at 
gr. 62, when the river water they had been fwim-- 
| ming in was atgr. 61 *, Fith can live in water 
any thing warmer than freezing, that is any thing, 
above gr, 32.. 


4i. The refult of feveral trials made Snails a- 
| bout 2.degrees warmer than the air, Frogs and: 


* And lately at Paris 1 found the heat-of a Carp: 
fearcely to exceed gr. 54, the heat of the water where. 
jn I examinedit, The heat of an Eel came out in the: 
fame way. 


M. 3 _ Land: 
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Land Tortoifes feemed to have the principle of 
heat fomething ftronger, wz. about 5 degrees high- 

er than the air they breathed in, Which I fuppofe 
to be the cafe of the ordinary breathing animals, 

who indeed have iungs (but thefe lungs of a wide 

veficular form) and have their blood nota great 

deal warmer than the Branchial fifhes. Such I 

take to be the Sea Tortoifes, Toads, Vipers, and 

all the Serpent kind, who all have their lungs of 
the fame fabric, and the fame cold conftitution of 
blood. But moft of this fort of animals are not 
able to bear very great colds; they in the fevere 
feafons retiring into lurking places, where they are 
tolerably well fheltered ; often perhaps at about 

the middle temperature of gr. 48 or fo. Their 
vis vite is indeed in thofe feafons very low *, and 
their wafte of fubftance exceeding fmall+. And I 
fuppofe the fame may be faid of the Swallows, and 
other fleeping Birds and Beafts, who, though na- 
turally warm animals, much warmer than thofe 
already mentioned, are however in their inert fate 
probably much colder than in their ative and live- 
ly feafons. 


* See Harv, de Mot. Cord. &c. IV. p. 28. XVIE 
p. 65. Lifter, de Cochl. p. 164, de -Buce. p. 246. | 
251. 


+ See Phil.. Tranf. Abr. 1]. p. 825. .Lifterde 
Coch], p. 163. 165. ‘ 
; 42. For 
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42. For the heat of hot animals is not uniform- 
ly the fame in all animals, and at all times. That 


admits of a very great latitude: it varies according 


to their various kinds and the circumftances of 
each. The furface of their bodies are, like other 
things, much affected by the heat or cold of the 
ambient medium, and confequently wrought upon 
by all the varieties of feafons and climates, if not 
fufficiently fheltered from their influences. When 
that is their external and internal heat is nearly the 
fame ; but ftill differing fomething in different ani- 
mals, 


43. Dr. Boerhaave * indeed fpeaks of the heat 
of hot animals as in a natural ftate pretty uniform, 


orthe fame in all, reckoning it commonly to be 
- fuch as to raife the mercury in the Thermometer 


_togr.92, or at moft o4. And fo too Dr. Pit- 


_ cairn’s ¢ heat of the human fkin at his gr. 17 falls 


near our gr.g2. Mr. 4montons tf, by feveral trials 
- found the heat communicated by the human body 
- to his Thermometer to be at dig. 58-72, 58+, 585%, 


z Tt as 


5844, 582%. Thefe by calculation { find to fall a- 


bout Fahrenheit’s gr. 91, 92) and 93. Sir Taac 


* Chea. 1... 592. 20% 2135. 4h 4.: 4h e526, 
+ El. Med. II. 1. §. 26. 
t<Mem. Ac. Sc. 1703. D.'23$5.249. 


Newton’s 
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Newton's || gr. 12, which he makes equivalent to 
the external heat of the human body, and to the 
heat of a bird ‘hatching eggs, comes to gr. 954 in 
ours. Fahrenheit * himfelf places his heat of the 
human body and blood at gr. 96. And at this 
mark Dr. Muffchenbrock + fays the Thermometer 
ftands, when it is immerged in the blood flowing 
from an animal; though in another { place he 
{peaks of gr. 92 or 94, asa pretty high degree of 
heat for our blood. 


44. I have very carefully made numberlefs ob- 
fervations on this fubje¢t. of the heat of animals: 
and from them I muft be allowed to fay that I find’ 
all thefe reckonings much too general, and in the 
main confiderably too low. I fufpect that, at leaft. 
in many of them, there was not fufficient time al- 
lowed to warm thoroughly the bulbs of their Ther- 
mometers ; or perhaps at the time of trial the folks: 
hands had not the natural fheltered heat. The. 
human kind is amongft the loweit of hot ani- 
mals ||: and yet I by the heat of my fkin every way- 
well fheltered, at a medium in an infinite number, 


| Phil. Tranf. Abr, IV. 2. p. 4. 3: 

* Phil, Tranf. Abr. VI. 2. p. 18.52. 

+ Eph. Ultraj. 1728. p. 679: 

t+ Eff. de Phyf p. 502- 

| Cefalp- Qu. Perip, V. 6. p. 132-— 
of 
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of trials, raife the Mercury in the Thermometer 
to about gr. 97 or 98. In fome it goes a little 
higher, in others it keeps fomething lower. Urine 
new made, and that into a veflel of the fame tem- 
perature with itfelf, is {carcely a degree hotter than 
the fkin, as I have found by many repeated obfer- 
vations. And that heat of the urine we may 
reckon nearly equal to the heat of the neighbour- 
ing vifecra. Dr. Hales * found the heat of his 
fkin to be 54, and that of urine mew made 58 de- 
grees of his Thermometer, which coincide with 
our gr. gg and 103, if the calcul that was made 
of the correfpondence of his Thermometer with 
Fahrenbeit’s nad been perfectly exact. 


4s. In the mean time, asI juft now faid, the 
human kind is among the loweft of hot animals. 
Ordinary quadrupeds, as Dogs, Cats, Sheep, Ox- 
en, Swine, 6c. by the heat of their {kin raife the 
Thermometer 4 or 5 divifions higher than we, as 
to gr, 100, 101, 102, and fome to 103 or 4 little 
more, 


46. And the breathing or Cetaceous fifhes are 
as hot as they, as Dr. Boerhaave } very juftly 
reckoned ; though he afcribes too, {mall a heat to. 


* Veg. Stat. p. 59. 


+ Chem. Lp. 41s. 
| thems, 


SS ee Ss 
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them, and to all other refpiring animals, when lie 
confined it within the narrow bounds of 92 0r 93 
degrees. Thofe who have had occafion to travel 
into the Eaff-Indies * tell us, that the blood of 
the Manati Fifth, or Sea Cow, was fenfibly warm 
to the touch. And Mr. Richer +, a curious e- 
nough obferver of natural things, found the blood 
of the Porpus as warm as the blood of land ani- 
mals, I myfelf upon trial found the heat of the 
fkin of that amphibious animal the Sea Calf to be 
near gr, 102, In the cavity of the abdomen it was 
about a divifion higher, In all this, as in many 
other refpects, agreeing with our ordinary land 
quadrupeds; which in the ftru€ure and form of 
their vi/cera the breathing fithes do very much re- 
femble, | 


47. The Lord Chancellor Bacon ¢ gives it as a 
current opinion that the bird kind are very warms 
‘They are indeed the warmett of all animals, warm- 
er ftill than quadrupeds by 3 or 4 degrees, as I 
have found by experiments on Ducks, Geefe, 


_ Hens, Pigeons, Partridges, Swallows, &c. The 


bulb end of the Thermometer being lodged in their 


* See Ent, Apolog, &c. p. 207. Le Comte Mem, 
de la Chine IT, p. 343. 


+ See Du Ham. Hift. Ac. Sc. p.m. 157. Mem. Ac. 
Sc. 1666—1668. VIL. p. 325. 


t Nov. Org. IL. 13, p. 193. 
groin, 
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groin, the Mercury was raifed to gr. 103, 104, 


105, 1c6, 1073; and in a Hen hatching eggs I 
once found (for it is not always fo high) the heat 
at gr. 108. 


48. Ie was I prefume without fufficient ground 


that the juft pow mentioned noble Lord * reckon- 


ed the external fleth of animals, when in aétion, 
to be hotter than their blood, &c, Generally in 
my experiments both on Birds and Quadrupeds the 
vifcera were found near a degree hotter than the 
ikin; though fometimes I could perceive but little 
or no.odds. And a Thermometer: thruft into a 
fiftulous ulcer running in amongft the mufcles of 
the thigh in a man fhewed a heat very little great- 
er than that of the fheltered {kin. 


49. As the circulation is fo very quick and free, 
the heat of the blood in the arteries and veins is 
pretty much the fame, and but a fmall matter, it 
may be a degree or fo, above the common heat of 


_ the bowels, or near 2 degrees warmer than the 


fkin; a much fmaller difference than what Sir 
Tfaac Newton t and Dr. Hales { aflign; according 
to whofe reckonings that would be no lefs than 10 
or It degrees. 


* Nov. Org, II. 13. ps 193. 
+ Phil. Tranf. Abr. IV. 2. p. 1. 2. 
t Veg Stat. p. 58. Hamaft, p. 98. 


= 


eS ce 
— 


Se RL 


ARS a Se 


—— = ==> 


ae — > 


a 4 
a 


144 Toe VARIOUS DEGREES 


V. Of the preternatural Heats of Animals. 


go. Thefe then are the Heats of Animals as in 
my experiments they generally appeared to me. 
But they are not to be held as univerfal. Befide 
the varieties in different individuals, the heat even 
in the fame animal does not keep always the fame. 
For ordinary indeed and in health the variations 
are not great; but by difeafes and extraordinary 
accidents it may be much altered, and brought 
both above and below the natural ftandard. I can- 
not {ay that I have yet had opportunities of making 
obfervations enough to lay down any thing fufh- 
cient or fatisfaftory concerning the Heat of Ani- 
mals in preternatural or morbid ftates. However 
I think I may venture to fay that it is not fo vaftly | 
great in fevers as fome are apt to conjecture. 


si. Lhe medical writers. all take notice of the 


- conftant and burning heats in ardent fevers. And 


we are told * of the Emperor Con/ffantius and of 
fome others, that they were of fuch a dry hot 
temperament, as, when heated by a fever, in fome 
meafure to burn the hands of thofe that touched 
them. But this burning heat no body then knew 
how to meafure, or to preferve to us any diftiné 
intelligible notion of it. The determining and af- 


* See Bacon. Nov. Org. II. 13. p. ry2. 
fixing 
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. fixing the due bounds to fuch things being referv- 


ed to this prefent age. The ingenious Dr. Hales + 
fuppofes the heat of the blood in high fevers to be 
about gr. 85 in his ‘Vhermometer, which comes to 
gr. 1364 in ours; a degree of heat, which I be- 
lieve no animal ever arrives at, nay which I reckon 


no living creature is able to bear’ Dr. Boerhaave + 


furnifheth us with fome curious oblervations of a- 
nimals very foon deftroyed in air of gr. 146, who. 
all died in lefs time than what would have beea ne- 
ceflary to bring their bodies up to the heat of gre 
136. A Thermometer put into one of their 
mouths a little after its death ftood at Ors VIO. 


52. Nor on the other hand would I fuppofe the 
fever heat fo low, or that low heat fo dangerous, 
as the great Dr. Boerhaave * feems to do. He is 
afraid of its coagulating the /erum of the blood, 
reckoning that terrible mifchievous work might be 


effected by a degree of heat not much above or. 


reo. Whence Dr. Hales +, and Dr. A buppnot i 


led thereto by Dr. Boerhaave’s authority, affirm 


: 


‘ Veg. Stat. p. 60. 
Chem. J. py 27%. 


™ * Aph. 96. 689. Chem. I. p. 343. IIL. p. 352-353. 
2378. 213. 357- 358. 


+ Hematt. p. 104. 1c5. 
{ EM, om Air. p, 1¥4. 218. 
N | that 
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that the natural beat of the blood of a human crea- 


ture approaches very near the degree of coagulas 


tion. ButI have feen fevers, and thefe not ex: 
ceflively violent neither, wherein I was aflured, by 
obferving the heat of the fkin, that the blood was 
5 or 6 degrees above gr. 100, without apprehend- 

ing any fuch danger, or experiencing any fuch fas 

tal effeais *. Such a heat, if neglected or wrong 

managed, may indeed, as 7ipfocrates 7, very juftly 

obferves, diffipate the more thin and watery parts, 
and fo gradually thickening the whole mats of 
blood, have bad enough effects that way ; if it do 
not bring on 2 putredinous thinnefs, But directly 
to coagulate the ferwm of blood, or the white of 
an egg, by feveral ‘trials I found a heat requifite 
beyond any thing ever we ‘can experience in a liv- 
inganimal, They continue thin and liquid til the 
Thermometer points at gr. 156 or fo. Which is 
an arithmetical mean betwixt the ordinary heat of 
human blood at gr. 99 or too, and that of boiling 
water at gr. 2125 exceeding the one juft as much 


ae | 


as it falls fhort of the other, 

* Inthe AgueI had lately, during the height of 
the paroxyfm, the heat of my fkin was gr. 106; and 
fo that of my blood gr. 1¢7 or tod. And farther, 
what is very remarkable, inthe beginning of the fit 
when I was all thivering, and under the greateft fenfe 
of cold, my fkin was however 9 or 3 degrees warmer 
than in a healthy and natural flate. 


+ IV De Morb, XXITI, 23. &e, 
52. But: 


or HEAT mBODIES.--’ 147 


g2. But no animal I fay can beara heat near 
this. Befide the bad effects it would have upon 
the fluids, I know our nerves are not able to en- 
dure fuch a fcorching heat. If that be but a few 


_ degrees hotter than our blood it comes to be into- 


lerable. Sir J/aac Newton * and Mr. Amoutons + 
felt water too hot for their hands ftirring in it 
eafily to bear at gr. 108. I fufpect indeed the full 
heat of the water had not been thoroughly com, 


municated to their too bulky Thermometers. I 


find it becomes fealding hot to my hands and feet 
at gr. 1120r 114, And fol reckon will moft peo- 


ple find, who have not their organs too callous. 


We fhould not however judge of the delicacy of the 
body by the fenfation of the hands, which in many 
folks by labour and ufe are rendered preternatural- 


ly infenfible. Mr. Amontons’s valet could bear wa- 


‘ter of the heat of gr. 122. And I have feen folks 


Ae 


who could handle things freely I could not well 
touch. I doubt not but the hotter animals can 
likewife bear a greater heat than we. And on the 
other fide fifhes and cold animals may be fcalded 
to death with a heat lefs than that of our blood. 
A Perch, one of the moft lively of the Branchial 


eae Drain. ADE EV + 2s De. 2: 
+ Mem. Ac, Sc. 1703. p. 236. 244. 


N 2 fifhes, 
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fithes, died in 3 minutes in water heated but to 
$7. 96 *. 


53. At firft men often gave names to things 
from certain refemblances without pretending 
thereby to underftand or exhibit their natures, 
And in this view Phyficians may continue to talk 
of the zo wve, the Febris ardens, and Inflammations, 
and freely ufe thefe and other fiery names, if they 
mean no more by them (as it is likely they did not 
in the original ufe of them) than a figurative way 
of expreffing extraordinary heats of the body, or: 


the heat of the blood carried confiderably beyond 


its natural ftate. But from undeniable experiments 
we fee they muft be much miftaken, who not con- 
fining themfelves to the figurative ufe of thefe 
names, and led aftray by vain and ill-grounded 
theories, talk of real fcorchings of the body, and 
actual burnings of the heart and other vifeera, of 
ebullitions and eflervefcenies of the blood, of its 
being kindled and ready to burft into flame +, and 
of other fuch fiery defcriptions of heats, which” 
no animal, while in life, can be brought into. 5a 
that thefe are ways of fpeaking, which, to prevent 
miftakes, fhould have no place out of Poetry; 
where alone fuch bold figures, and thefe expreffed 
in fuch a ftrong manner, without any reftriction, 


* Mufichenbr, Tent. Exp. Ac, Cim, Add, p. 122. 
+ Willis Pharm, Rat. IL, p, 22. 
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are to be allowed. Thus fome people by their pro- 
feflion may be permitted. 


Jecur to durn and Cor to pierce, 
As either beft fupplies their verfe * 


But for others, who from the nature and great 
confeqnence of the fubject they deal in fhould be 
more ftrictly tied to truth, gravely to talk of the 
Liver burning up the Bile, and fpeaking of the 
Heart as they would of a piece of red hot iron 
burning the hands of thofe that touch it +, or boil- 
ing up into froth the blood that falls into it t; 
and others to give out the Stomach asa kettle boil- 
ing our food by its great heat ||; fuch affertions» 
I fay, as thefe are unwarrantable impofitions on 
the fenfes of mankind, and fhould be dropt by all 
fober thinking men. 


* Prior, Alma, p. 87, 


+ Abu. Jaafar Ebn. Tophail. Philof. Autodid. p, 
64. Ali Rodoan apud Gom, Pereir. Antonian. Marg, 
p. 326. 770. Columb. De Re Anat. XIV. p.m. 477. 
481. Diemerbr. Anat. If, 6. 


$ Des Cartes de Meth. 5. p. 29. De Hom. p. 8, 
De Form, Fost. §. 18. 72. De Paff. I. 8.9. Epift. 
di. £2 

| Hipp. apud Celf, Med. Pref, p. 6. Stukely of 
the Spleen, p. 35. 


N 3 54. We 
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‘ 


54. We fee then that nature feldom carries the 
body or blood of animals to a degree of heat very 
much beyond its ordinary healthy temperature: 
Nor indeed are we able to bear any very great ex- 
cefs of that kind, either in the body itfelf, or in 
the medium without us. We can however on the 
other hand endure greater excefles of cold, at leaf 
externally affecting us; their being many remark- 
able inftances of the furface and extremities under- 
going very great colds without being abfolutely de- 
ftroyed. We have all, I fuppofe, fome time or 
other even here experienced very fharp nipping 
colds. Thefe however are nothing compared to 
the frightful accounts we have had of the great 
prevalency of cold on the bodies of men and o- 
ther animals in the more northern countries. Of- 
ten are they quite frozen to death; but at other 
times, though the cold has gone a great length, 
they are happily recovered. We have been told * 
of animals found ftiff cold in their lurking places, 


or buried in lumps of ice, that by the Stimulus of 


pain or a warmer air have been again brought to 
their life and fenfes. Partial freezings of the nofes 
hands, feet, &c. of the human body are frequent. 
But what is much more there are inftances + of 


* Boyle Exp. on Cold Abr. I. p. 671. 673. Quefnay 
Occon. Anim. p. 25. 


+ Fabr. Hild, de Gangr, &c, XHI, p. 792. 
men 


re | 
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men being fo frozen by the lump, that whea 
plunged into cold water they contracted a cover of 
ice over their whole body, which therefore in all 
its exterior parts muft have hada cold confider- 
ably under gr. 32. If it came fo low as gr. 25 the. 
blood muft have been frozen in fome of its veflels,. 
However even in this terrible threatning ftate, 
when the whole body feemed to run fuch a rifgque 
of congelation and the fleep of death, by good 
management, well underftood in thefe intemperate 
countries, people have been recovered to their life 
again. In fuch extreme cafes one would think 
that the internal heat muft too have been confi- 
derably impaired: but how low that may be carri- 
ed without danger or immediate death we cannot 
yet determine. In the mean time the meafuring 
the heat of the Birds and Beafts that pafs the win- 
ter ina ftate of fleep and infenfibility might give 
us fome light into this matter. 

Thus much in general of the Heat of Animals : 
that fubject having been more minutely handled in 
another treatife De calore animaliam. 


What follows is more in the nature of a plan of what 


is propofed or Joould be done on the re/peétive heads, 
~ than any thing fully executed on them. 


Heads to be added. 


VI. Of the heats of Waters, Oils and Salts, ae- 
cording to their fluidity and confiftency- 
VIT, Of 


SSS 


—_—o— 


_ = eee ee ee ee ee ee ee ee ee ee ee 


1so «Tur VARIOUS DEGREES 


VII. Of the melting and thining Heats of Metals 
and Minerals. 


VIII. Of the boiling Heats of liquid and melted 
Bodies. 


IX. Of the Heats of Flame and Fire. | 


VI. Of the Heats of Waters, Oils and Salts, ace 
cording to their fluidity and confiftency. 


The confiftency or fluidity of moft bodies are 
no eflential or permanent properties in them; but 
are rather a fort of circumftances or accidents ma- 
nifeftly depending on the various degrees of heat 
applied to them. Some of the hardeft bodies may 
be reduced to a fluor by fire. Siones, Metals, 
Salts, dc. fome by lefs, fome by greater degrees 
of heat may be melted down into fluids; which 
only continue fo, as long as the requifite heat lafts, 
On the other hand moft of thefe bodies, which to 
us commonly appear ina fluid ftate, by cold, or 
the diminution of heat, may be brought to a con- 
fiftent form. And if there be fome fluids which 
have never been feen to freeze, this may, with a 
great fhew of reafon, be afcribed to the difficulty 
or perhaps impoffibility of getting altogether rid 
of heat. And for the greater illuftration of the 
dodtrine of Heat; and to get a farther view into 
the 
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the natural hiftory and philofophy of Bodies, we 
will here endeavour to fettle the limits of Firmnefs 
and Fluidity ina great many of them, as far as our 
own, or other peoples obfervations can carry us: 
for the greater uniformity reducing them all to 
Fabrenheit’s {cale ; which, we will fuppofe protratt- 
ed even much beyond the heats his Thermometer 
could bear. 

It isa bold but a very juft expreflion of Sir 
Lfaac Newton *, when he calls ** Water a fluid tafte- 
< lefs falt; which,” adds he, ‘ nature changes by 
‘6 heat into vapour, and by cold into ice, which is 
‘ a hard fufible brittle ftone, and this ftone re- . 
“ turns into water by heat.” Agreeatile to which 
view of things Dr. ‘Boerhaave + calls Water a kind 
of glafs that melts at a heat any thing greater than 
gr. 32; the boundary between Water and Ice. 

All our ordinary Liquors are but Water with an 
additional mixture of Oils, Salts and Earth ; and 
have all or moft of them been obferved to freeze, 
fome at a greater and fome at a lefs degree of cold 
under the freezing of common elementary Water: 

The animal Liquors generally lofe their fluidity 
eafily enough. Dr. Boerhaave { {peaks as if Blood 


* Opt. pe 349 
+ Chem. I. p. 399. 614 
$ Chem, II. p. 377. 


would 
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would freeze as foon as Water, viz, at gr. 32. 


Bat on trial it is found to refit the cold fomething 
more. The Blood of a Lamb was not frozen at 


gr. 29; but it was turned into Ice at gr. 25 *, 


And-fome of the cold animals preferve the fluidi- 
ty of their liquors {till more obftinately. Some In- 
fects indeed were killed and their bodies hardened 
at about gr. 20 t. But there are others that re- 
fifted the cold below gr. 43; preferving the life and 
foftnefs of their bodies, and the fluidity of their 
jureee if, 

Milk is not ill to harden, freezing I think at a- 
bout gr. 30. 

Ordinary Urine freezes at gr. 28, though if it 
be ftrongly impregnated with Salts and Oils it may 
continue fluid in a cold fomewhat greater. 

Fermented Liquors do not freeze fo eafily as fimple 
Water; and the ftronger they are they can bear 
the greater cold; and when they are frozen, it is 
the weakeft parts that fuffer firft, the ftronger and 
more fpirituous often continuing fluid. Small 
Beer and fmall Wines eafily turn into Ice; and the 
great colds in Adufcovy, Greenland, Hudfan’s Bay, 


* Reaumur in Mem, Ac, Sc. 1734. p. 260. 
-+ Ibid. p. 259. 


$ Idid. D. 257. 258. 
&c. 
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k&c. froze the ftrongett Wines, as ftrong ee 
Malaga, Alicant, &c * 
puch colds were ee very great; ‘but thofe 
who had occafion to obferve them, had not the 
means of taking any exact eftimate or determined 
meafure of them 3 which, if an opportunity were 
ofcring, we can do now with greater certainty +, 
Not only the ftrongeft Wines may be frozen. 
Brandy itfelf has been converted into ice ||; the 
ftronger part, if there be bulk enough of the li- 
quor, ufually retiring to the center (as in the freez- 
| ing of ftrong Wine) and there conftituiing a ftrong- 
er Spirit of Wine feparate from the reft. And. 
fuch muft undoubtedly have been a very great cold. 
Brandy eluded Dr. Aduff[chenbroek’s t attempt to 
freeze it with the cold of {now and beaten ice, A 
mixture of tolerably well rectified Spirit of Wine 
and Water in equal parts, which I reckon would 
make a liquor about the ftrength of common 
Brandy, was not frozen but with the cold of—gr. 
9. A weaker mixture of 1 part Spirit to 3 of 
“Water froze at gr. 7. But onthe other fide, a 
ftrong mixture, where the Spirit was double the 


* See Boyle Exp. on Cold. Abr, I, p. 594. 607. 600. 
610. Scept. Chym. Abr. III, p. 281. Phil. Tranf, 
Abr, Il. p.152. Merret Exp. ef Cold. p. 47. 48. 

+ Laft winter I found good Burgundy, ftrong Claret 
and Madera to freeze at about gr. 20. 


| Boyle Exp. of Cold Abr. I. p. 594. 


4 Tent. Exp. Ac. Cim, Add. p, 176. 
Water, 


vs 


— Ss 


a 
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Water, did not freeze till the cold came down to 
—gr.11*, 
But Mr. de Reaumur’s rectified Spirit of Wine 
itfelf underwent in the winter at Torneao a cold 
greater than any thing he was able to make in 
France. ‘There too it was frozen +, though at 
what degree we cannot tell. Only we are fure that 
the cold able to do it was no greater than—gr. 345 
perhaps a good deal lefs. If people were apprifed 
and on their guard, this might be accurately e- 


-nough determined in fuch cold countries ; where I 


fuppofe the moft perfect Alcohol might be frozen ; 
and perhaps even the lately invented ztherial Spirit 
of Wine itfelf. 

Vinegar isthe produce of a fecond procefs of 
fermentation, whereby all the Oil and Spirits of 
the Wine are converted into a lean acid liquor, 
that refifts cold pretty much, and (like Wine and 
ardent Spirits) the ftronger it is, the more. Com- 
mon Vinegar is indeed not difficult to freeze, that 
may ordinarily happen at about gr. 28. But when 
freed of a great deal of its phlegm by diftillation, 
under the name of Spirit of Vinegar, it refifts a 
much greater cold. However it was frozen when 


_ expofed to an intenfe cold, as Mr. Boyle ¢ tells us ; 


* Reaumur. in Mem. Ac. Sc. 1734. ps 255 
+ Maupert. Fig. de la Terre p. 38. 


+ Exp. on cold Abr. I. p. 590. 
as” 
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as alfo when furrounded by an artificial mixture of 
Snow and Spirit of Nitre. Bue Dr. Muffchen - 
brock *, who tried the experiment afier Mr. Boyle +, 
neglected to obferve, or at fealt to tell us, the cold 
of that Vinegar Ice. In this freezing there was a 
part of it continued fluid; the ftrongeit and moft 
concentrated Vinegar that can well be imagined. 
And yet this too, by a new application of the cold 
mixture, was wholly turned into ice {; whereby 
its ftrength and acidity was confiderably impaired. 

But the ftreng Mineral Acid Spirits preferve 
their fluidity much better; excepting however Oil 
of Virriol, which begins congelation (or coagu- 
lation rather) near as foon as fair Water |. In 
the trials which Mr. Boyle {and Dr. Merret § 
made in the very cold weather they found nothing 
of freezing in Aqua Fortis, Spirit of Nitre, Spirit 
of Salt, Vitriol, éc. Nay the ordinary cooling 
mixtures does not affect them, but Fahrenheit by 


©. Vent. Exp: Ac. Cim. Add. pi i975: 
+ Exp. on Cold Abr. J. p. 590. 
t Mufichenb. Ibid. p. 176. 


f Merret Acc, of Freez. p. 8. Confer & Boyle 
aber. 1. p. 396.559. U1. -p. 482, . But it feems this 
| its difpofition to freeze or coagulate goes off by time, 
| See Mufichenbr. Eff. Phyf. §. 920. 
| Boyle Exp, of Cold Abr. I, ps 596: 


€: Merret Acc. of Preex, pit: 


O reiteratin g 


158 Tue VARIOUS DEGREES 


reiterating fuch cold affufions produced a very in- 
tenfe cold at—gr. 40, whereby Spirit of Nitre it- 
felf congealed and fhot into cryftals |. 

The Alcaline Spirits do not feem to be endowed 
with fo great a power of refifting cold. Spirit of 
Urine and Spirit of Human Blood were frozen in 
cold weather in England §. And a cooling mix- 
ture of Snow and Spirit of Nitre congealed Spirit 
of Sal Ammoniac made with Lime t. This mix: 
ture was able to freeze Spirit of Vinegar, and 
weak Spirit of Salt, and to turn other faline li- 
quors into figured ice. But it had no difcernible 
influence on Spirit of Nitre. 

Water impregnated with a moderate quanuty 
of any of the ordinary Salts freezes in cold wea- 
ther; as with Sugar, Alum, Vitriol, Nitre, Sea- 
Salt, Verdigreafe, Arfenic, 5al Ammoniac, Kelp, 
Lixiviate Salt, &c *. But a folution of Sal Gem 
did not freeze with the reft +. And Oil of Tartar 
per deliquium was brought to congeal only by a 


| See Boerh. Chem. I. p. 164. 165. 
§ Boyle Exp- on Cold Abr. L. B. 502.509.) seeps 
on Blood Lf. p. 482. 
| { Ibid. p. 590. 


: Boyle Exp. on Cold Abr. I. p. 590. 593. 5966 
Merret Ibid. Phas Sey. 


+. Merret Ibid, p. 7. 8. 47. 


mixture. 
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mixture of Snow and Salt {. Sea Water freezes, 
whatever. has been inadvertently faid to the con- 
Arary. ‘The northern voyages are full of this |. 
The Zuyder Sea in Holland is often frozen up. 
And the Baltick is a ftrong inftance offering itfelf 
every year of the Sea Water being converted into 
ice. Nay it freezed at London with Mr. Boyle §. 
And I have found fall parcels of faline bitter ice. 
in fome places of our fea rocks, where the water 
had been toffed up, and allowed to ftagnate. eae. 
freezing point of Sea Water is at gr. 

But Water, when fully faturated with thofe 
Salts, doth not eafily freeze *, ‘That fuch folutions 
refifted the colds in Exgland will not be wondered 
at. But we are told that a ftrong Brine of Bay 
Salt cannot be frozen even in the northern coun- 
tries +. And Syrups, which are but ftrong folu- 
tions of Sugar and Water boiled up together, are 
not congealed with any ordinary cold {{- 


— $ Boyle Ibid. p. 593. 594, 
| See Muffchenbr. Eff. Phyf §. 925. 


§ Exp. of Cold. p.m. 147. 
* Boyle Exp. on Cold‘Abr. I. p. 5947. Merret ib. p, 6 


+ Phil. Trani. Abr, IL. p. 152: 
tf Merret. Ibid. p. 52 §3. 
Oz | Of 
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OF Oils. 


Oils. too may be frozen, or at leaft coagulated by 
cold. And fome of them, as the Refins, common 
Sulphur, Sperma Ceti, Tallow, Butter, &c. exit 
ordinarily in a confiftent form, though in their 
nature, they are as truly Oils.as thofe that moft ob- 
ftinately retain. their fluid ftate. But as Oils are 
gradually thinned by heat or thickened by cold, 
the limits between their confiftency and fluidity are 
not fo exactly determinable in them as in watery 
fubftances, | ; 

Very many Oils preferve their fluidity in great 
colds ||. We have not heard of the ordinary di- 
ftilled Oils being frozen ; except that once Mr. 
Boyle * found that unredtified Oil of Turpentine 
had its upper part turned to ice. And Oil of A- 
nife for ordinary appears in a fort of Butter ftate 
ill ic be warmed to gre 

Even many of the expreffed Oils ftand out the 
cold very well; fuch as Oils of Lintfeed, Hemp- 
feed, Nuts, Sweet Almonds, &c+. But common 


| See Boyle Exp. on Cold Abr. I. p, 596- 597. 
Orig, of Heat, &c- Abr. I. p. 550. 


* Tbids-p. 597. 


+ Boyle Orig. of Heat, &c. Abr. J. p. 559. Exp. 
on cold Abr. I. p. 598. 


*| 


Oil 
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Oil of Olives ftiffens and grows opaque very foon, 
as at about gr. 43- But different Oils, and differ- 
ent parts of the fame Oil freede at different de- 
srees of heat. So that we fee fome part of this 
- Ol fometimes continue fluid in pretty firong 

- frofts. 

Wax is a vegetable Oil collected from flowers by 
the Bees. This fwims on water, and does not lofe 
- its frmnefs and opaquenefs till that be heated to 
er. 14% | 

All the Refins may be looked on too as vegetable 
Oils, and they mele with a heat below that of 
warm water. .Common Rofi, comés to a fort of © 
fluid by the heat of about gr. 

Many. of the. mineral Oils appear for ordinary © 
fluid, as Petroleum, Naphtha, Gc. nor are we yet 
informed at what cold they become firm, Others a~ - 
gain, as. Afphaltos, Succinum, év¢. we find always ° 
in a firm dry form; but:which may be melted by 
~ heat. And Sulphur too is fuch an Oil. And Flowers : 
of Brimftone, that is to fay,pure Sulphur, melts ; 
jato a fluid with the heat of gr. e 

‘Train Oil does not eafily freeze *. And I fup- : 
pofe :¢ was from this.that Olaus Magnus + tells us, | 
chat it is ufual inthe northern regions to fill up | 
the frozen ditches of fortified places with Train » 
Oil in the winter, to.preferve the lower water fluid. — 


* Boyle Exp. on Cold Abr; [. p. 596. $98 - 


+ Vid. Ibid. p. 596. | 
: Bus .¢ 
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But Mr. Boyle t and Dr. Merret || found it frozen 


_ even by the cold weather of England. 


But the other ordinary animal Oils rather take a - 
confiderable heat to keep them fluid. Butter is 
fuch an Oil. And that in the month of May took 
a heat between gr. 80 and go to oil it: but being 
fo heated it keeps fomething thin till it fall to about 
&’. 740— | 

Hogs Lard. 

Tallow. 

Sperma Ceti is the firmer part of the Oil of the 
Macrocephalus or Dentatus Whale ; and does not 
melt with a heat under gr. 


Of Salts. 


We lately propofed Common Water as a tafte- 
Yefs Salt diffolvable by a fimall degree of heat. 
What if on the other hand we fhould reckon the 
ordinary Sa/ts as different Waters brought to a li- 
quid fiate by a greater degree of fire, fome tooner 
fome later. 

Alum melts into a fluid at gr. 

Sea Salt. 

Borax. 

Nitre. 

Sal Ammoniac. 

Strong Alcali Salt. 

Vitciol. § «4 


t Ibid. p. 696. 
| Merr. Ibid. p. 47. q 
Vil. OF 
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_ VII. Of the melting and fhining heats of Metals and 
; Minerals. 


_ 


And now are we come to confider thofe, which 
of all terreftrial bodies, except elementary Earth 
itfelf, are the moft confiftent ‘and firm, and moft 
fufceptible of the greateft heats; I mean AZetals 
and Mineral fubftances. They are naturally ina 
confiftent form: but fome of them flow at a mo- 
derate enough fire ; while others require fo intenfe 
a heat to diffolve them, that we find it difficult how 
to bring it to a calcul. 


g 


Quickfilver is always reckoned in the clafs of Me- 
tals. Butit is fo far from the common confiftent 
form and appearance of other Metals, that it may 
juftly be looked on as the trueft, vifible, and tangi- 
ble fluid in the world. By fome flight additions it 
may indeed be robbed of that property. But when 
left to itfelf pure and unmixed, it always preferves 
its fluidity in the very greateft colds natural or ar- 
tificial that have ever been obferved *. 


* See Boyle Exp. on Cold Abr. I. p. 597. Boerh, 
Chem. 1. p. 36.165. De Maupert. Fig. de la Terre 
P: 58- ; 

OF 
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ro ae 
Of allthe ordinary fimp!e Metals or Metallic 
Subftances Tin lofes its confiflency, and flows the 
eafieft, or with the loweft heat. By Sir Z/aac New- 
ton’s obfervation *, reduced to the numbers of our 
Thermometer, it melts at gr. re % *89, + 32==)408, 
Der. Muffchenbroek’s experiments + ehiried it but a 


‘little higher, vzz. to gr. (Se 4-325) 422. And 


there may be. greater differences from accidental 
mixtures. Sir J/aac’s experiments of moft of the | 
Heats below this of Tin are, I believe, pretty near 
the truth. The heats beyond this being deduced 
in a more precarious way we cannot be fo fure of, 

Lead is the. Meta] next to Tin that fluxes eafieft. 
But here I do not find different folks obfervations 
agrecing fo well asin the other. . In Sir S/aac’s 
way of finding out the heat of Lead beginning to 
melt, that would fall on our gr. 540 ¢. But accors - 
ding to Muffehenbreek’s experiment § reduced. to 


our numbers, the Mercury by fuch a heat fhould 


rife to gr. 769; were it fufceptible of fuch a great 


* Phil. Tranf. Abr. IV. 2. p. 2. 4. 

+. Pent. Exp. Ac. Cim, Add. IL. p. 21. 
}¢ Ibid, p. 2. 

§ (bid, — 


} 


expanfion . 
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-expanfion in a regular manner. And Mr. Amon- 
tons ** found Gun-powder tobe kindled by the fame 
heat that melted Lead. 

Some bodies, by being combined into one mafs, 
become more firm than either were in a feparate 
flate. And on the other hand others, when put 
together, make a compound more diffolvable than 
its ingredients ; much contrary to our exp¢ctations.. 
So little fhould we pretend 4 priori and without ¢x- 
periments to determine the nature ae properties 
of bodies. 

Thus Lead and Tin may be mixed together in, 
fach proportions, as that the whole fhall melt more 
eafily than even Tin itfelf +. A compound of 3 
parts Tin and 2 of Lead dir Laac found to melt 
‘at-his gr. ¢7, Or our gr. (ROA 2=)334 tT: 
But if the Lead be in a greater proportion to the 
‘Tin a higher heat than that of melting Tin is re- 
quilite to make the compound flow. Fér he expe- 
rienced a heat of gr. 460 to be required to melt a 
mixture of 4 parts Lead and 1 part Tin |. When 
the Lead was tothe Tin at 5 to1, that heat was 
not able to keep the mixture in fufion §. 


** Mem. Ac. Sc. 1703. p. 247. 

+ Moffchenb. Ibid. Boerh. Chem, I. Pi Fats 
t Phd. leant. Abr. LV. 22"p. 2. 

| bid. 

§ Ibid, 


What 
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What ftill vaftly increafes the fufiblenefs of thefe 
Metals is the addition of Bifmuth or Tin-glafs, a 
Marcafite or Sulphureo- metallic fubftance, not fo 
eafily melted as tin. ‘That Bifmuth Sir J/aac New. 
ton ufed in thefe curious experiments, we fhall juft 
now have occafion to copy from him, did not melt. 


_ with a heat under gr. 460 t+. And Dr. Muffchen- 


broeck’s Bifmuth was much harder to: diffolve, to; 
wit at gr. 1051 {. And a golden Marcafite, though 
more fluxil, took gr. 506 to melt it. 

A mixture of Tin and Tin glafs melts at a heat 
lefs than what is requifite to melt either feparately |. 
When they were in equal quantities the compound 
melted at gr. 283 §. If you alter this proportion 
the mixture becomes fufceptible ofa greater heat. 
When the ‘lin was double the Bifmuth it did not 
melt with a heat under gr.334 **, And it ftiffened 
in this heat when the Tin was to the Bifmuth at 5 
to 34. Andif the proportion of Bifmuth be ve- 
ry fmall, the heat required to keep the compound 
in fufion is ftill greater, and comes nearer to that 
of melting tin. When there was 8 times more 


+ Phil. Tranf. Abr. IV. 2. p. 2. 
+ Mufichenbr. Ibid. 
| Ibid, 
§ Newton. Ibid. p. 2, 
_ ** Thbid, 
4 Ibid, 
“Tia 
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Tin than Bifnuth in the mixture it would not melt 
with a heat under gr. 3y2*. 

We are told by pir //aac that the heagof melting 
Lead was gr. 540, and that of Bifmuth 460. But 
thefe two bodies, fo difficult to be melted by them- 
felves, when blended together into one mafs, are’ 
much eafier brought into fufion. A mixture of 
them in equal quantities but juft ftiffened at gr. 
334+; and fo would melt with very little more. 
heat. 

But what is moft furprifing of all is the great 
fufiblenefs of a mixture of all thefe three ingredi- 
ents. Mr. Homberg t propofed for an anatomical 
injection a compound Metal of Lead, Tin, and 
Bifmuth in equal parts, which he tells us keeps in 
fufion with a heat fo moderate that it would not 
finge paper. Sir J/aac contrived a mixture of them 
in fuch proportions that it melted and kept fluid 
with a heat ftill fmaller, not very much exceeding 
that of boiling water. A compound of 2 parts 
Lead, 3 parts Tin, and 5 of Bifmuth but juft ftif- 
-fened at that very heat §. And fo would have 
fluxed with very little more. And another mix- 
ture of the fame materials in a proportion fome- 
what different from that actually melted by the heat ‘ 


* Newton. Ibid. p. 2. 

+ Adem, ‘idid. 

t Mem. Ac. Se: 1699. p. 235. 
§ Newton, Ibid. 


of 
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of gr. 146 +. It confifted of the Lead, Tin, and Bif- 
muth in the proportions to one another of 1, 4> 
and 5. o 

Antimony is a mineral compounded of fulphu- 
reous and metallic parts. The metallic fubftance 
when feparated from the other is called its Regulus. 
This is able to bear a great heat without: melting. 
When prepared with Iron, and fo going under the 
name of Regulus Martis, it was found to ftiffen 
only at gr. 805 *, and fo would take a heat fome- 
thing greater dotwanly to melt it. 

But this Regulus fluxes fomething eafier when 


“mixed with Tin or Bifmuth. A mixture of it and 


Tin in equal portions was found to melt at gr. 635 |), 
When the Regulus exceeded 5 times the quantity of 
Tin it ftiffened at gr. 752 t. And fo too did a 
mixture of Regulus and Bifmuth in the proporti- 
ons of 2to1§. But when the Reguius was in. 
lower proportion to the Bifmuth, as in the ratio 
of 4 to 7, the compound was eafier melted ; for it 


ftiffened: at gr. 635 * 
Though it would ein by thefe oxporimcats that 


+ Newton. Ibid. 
* Tdem, Ibid. P. 2. 
4 Idem, Ibid. 
+ Idem, Ibid. 
§ Idem, Ibid. 
* Idem, Ibid, 
the 
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the Metal of Antimony gave the Tin and Tin-glafs 
a power of refifting the fire, and that even fome- 
thing greater than its proportional quantity in the 
mixtures fhould require ; yet it promotes the fluxi- 
bility Of the harder Metals. When added to red 
hot Iron it foon brings it into fufion +. And it 
increafes the fufiblenefs and volatility of fome of 
the other Metals +. 


ei Qed Qed 


The Hard Metals, ae Gold, Copper, and 
Iron require a more intenfe degree of heat to de- 
ftroy their confiftency, and bring them into a fluid 
ftate. And before that too they undergo a very 
remarkable change, appearing in a fhining form; 
when we know that they have a vaft burning 
force, far exceeding the heat of ordinary 
hot bodies, as the fummer air, boiling wa. 
ter, &c. the proportions of which fome have en- 
deavoured to determine. 


Dr. Keill * affirms ** the heat of red hot Iron to 
*¢ be only 7 times greaterthan the ordinary heat of 
‘* the funin fummer.” But this ordinary heat of 


+ Boerh. Chem. I, p. g5. II, p. gan 
{ Fbid. I. p. 34. 38. 
* Exam, of Burn, Theor. p. 156, 
P the 


~ 
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the fun in fummer i is nota very definite thing, e- 
{pecially as then underftood. So that we are not 
quite fure what Dr. Keill really reckoned to be the 
heat of red hot Ivon. Though I fuppofe he had 


fome view to what he found in Sir Jas Newton on 


that fubje. 

Very early had this great man been making ex- 
periments on the various degrees of heat in bodies, 
And it was from thefe his firft trials he had what 
he fays of them inhis Principia, reckoning the heat 
of red hot iron to be 3 or 4 times greater than that 
of boiling water +: almoft as Dr. Pitcairn foon 
after gave out the matter in his colleges at Leyden f, 
to whom I am ready to think Sir J/aac had com- 
municated this obfervation, that * by the heat of 
«© our fammer air the Oil is raifed in the Thermo- 
** meter 73 degrees; by the heat of our fkin to gr. 
«* 173 by boiling water to gr. 50 or 52; by the 
‘© heat of red hot Iron to thrice that number”, or 
to gr. (180X3+32=)572 in our fecale, 

But upon what grounds Sir /aac reckoned red 
hot Iron (ferrum candens) to be but 3 or 4 times 
hotter than boiling water I cannot weil tell, Nor 
how either he or Dr. Pitcairn could determine the 
dilatation of Linfeed Oil by the direét application 
of the heat of red hot Iron, can I conceive any 
way poftible ; for it boils by a much lefs heat than 


+ Princip, p. 508. 
+ Elem. Med, IL. 1. § 26. 
thats. 
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that. And if you were to imagine Oil to expand 


regularly as far as you pleafe without boiling, the. 


heat of red hot Iron would carry it much beyond 


' 4§0 or 200 fuch degrees ; that is to fay, it would 


dilate the Oil much more than 3 or 4 times the ex- 


panfion given it by boiling water. 
Tt is true Sir //aac gives out this computation on- 


dy as a conjecture: which however as it ftands in 
} ; 


the firft edition is ftill preferved without the leaft 
aiteration in both the other two: though he had 
long before he publifhed them made fome new ex- 
periments, whereby in a very ingenious way he 
has found the heat of red hot iron to be a good 
deal higher. For his firft enquiries concerning the. 
comparative heat of bodies muft (as is commonly 
the fate of all firft effays) have laboured under 
fome imperfection. But as this affair was well 
worth profecuting, his great and inquifitive genius 
did not reftinthem. He repeated his trials with 
greater care and exattnefs; and an. 1701 gave in 
to the Royal Society the ae of them in that ex- 


cellent paper (to which already we have been fo 


much beholden for fo many curious experiments 


and ufeful hints) containing @ fcale of the degrees of 
beat determined with an Oil Thermometer and a 


ump of red hot Iron *, 


Of this method of determining the degrees of 


* Phil, Tranf, Abr. IV. 2. p. 1. &c, 
P 2 hear 
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heat we have already + had oceafion to fpeak more 
fully. It is the refult of his obfervations we are 
juft now concerned with. And we are told ¢ that 
dt his gr. 114, which coincides with our gr. 
(“2 +22=)635 heated bodies begin to thine 
in the dark, but juft fo as to be perceptible. ‘This 
may be called the shining point of Heat. Butl would 
fuppofe from the train of Sir J/aac’s experiments, 
that this and what he fays farther of the fplendor 
of heated bodies is to be meant folely of Iron. For 
it is likely enough that different Metals and other 
bodies may arrive at their fhining heats in different 
degrees. pe 

But Iron muft be vaftly heated beyond this to 
have the charaéter of being red hot. Before it can 
fhine brifkly even in the dark it muft be at gr. 752 *, 
And yet then it has no perceptible fplendor in the 
twilight. And it is not till the heat arrive at gr. 
884 that bodies fhine diftinétly in the twilight im- 
mediately before fun-rifing or after its fetting + ; 
but not at all or very obfcurely in ftrong day light. 
And agreeable hereto we find among Dr. Aduffchen- 


+Eff. on the Heating and Cooling of Bodies, § 3, &e. 
+ Phil. Trang. Ibid. p. 3. st ea 

* {bid, 

4 Lbid, 


broek’s 
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brock’s experiments t an Iron Rod heated, but not 
reddened in the fire to have been lengthened 276 
degrees of his Pyrometer ; which falls on gr. 


(222X°432=) 969 in our fcale. 


In Sir J/aac’s reckoning the heat of a fmall pit 
coal fire unblown and of Iron heated red hot in 


“it was gr. (222 +325) 1049 4+, Anda rod of 


Steet heated in the fire till it was'red, Dr. Myf 
chenbrock + found to be lengthened 364 of his de- 
grees; and confequently to have been heated to 


364 180, | Sie. a ‘¢ 
our gr- 34 XT +322) 1095 : you fee not differ- 
ing much from 5ir Ifaac’s heat of a {mall pit coal- 


_ five. ; ; 
But he * gives out the heat of a fmall wood fire. 


as greater, amounting perhaps to his gr. 200 oF 
co) 80 

210+ which is our gr. (HEX 4 32) 1408. And 

a greater fire he juftly reckons hotter ftill, efpeci- 

ally if blown with bellows. -Copper fhining hot 

from the fire Muffchenbroek ** lengthened 392 di-- 


é - 392 K 180 
 -yifions, . that 1s. to our gr. (e+ a=)t Eis Ba 


4 Tent. Exp. Ac. Cim. Add. II. p. 476 48>: 
4+-Phil, Tranf. Ibid. 
+: Tent, &c. Ibid. p. 48. 49- 
* Phil. Tranf. Ibid. 
** Tent, &c. [bid, p- 49. 50- 
3, | And © 
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And tobe fure Iron in reddening and melting takes” 


on a greater heat than copper. 


This matter to be farther profecuted by ex peri- 
ments. 


VU. Of the boiling Heats . Liquid and Melted 


Bodies. 


4, very moderate degree of heat, no greater 
than that of hot animals, is fufficient to generate 
air bubbles in freth Water. But to make it really 
boil a vaftly greater heat is required. By the very 
conftruction of our Thermometers that happens 


when the Mercury is raifedto gr. 212: beyond | 


which Water is incapable of being heated in an 
P 


‘ordinary ftate of the atmofphere. Whichcireum- 


itance is to be underftood too of the Boiling Heats 
of the other fluids we fhall have occafion to men- 
tion. 

Sea Water in boiling does not take on a heat fen- 
fibly greater than common Water. But if the Wa- 
ter be as ftrongly impregnated with Salt as it is Ca= 
pable of being, itis fufceptible of fome more heat. 
Dr. Boerhaave * found fuch a ftrong pickle boil up 


to the heat of gr. 218. 


A Lixive of Pot Afbes is lreated to gr. 240 be- 
fore it boils +. And the common Saline Spirits, 


* Chem. I. p..746. 
4 Phil. Tranf.. Abr. VI. 2. p. £8, ) 
‘which 


ld 
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which are ftrong folutions of volatilifed acid Salts 
in water, bear this great ora greater degree of heat. 
Spirit of Nitre comes to gr. 242 {. And I fup- 
pofe Aqua Fortis, Spirit of Salt, d&c are fufcepti- 
ble of much the fame. But oil of Vitriol, that 
ftrongeft of all the Acid Spirits (and Oil of Sul- 
phur per Campanam is much akin to it} goes toa 
vaftly greater heat, viz. to gr. §46 t. 
But the common true Qi/s require ftill a mucle 
greater heat to bring them to a boiling. It 1s true: 


_ Alcotal boils with the loweft degree of heat of any: 


liquor, to wit at gr 174 or 175 *; and Brandy at 


about gr. 190, as Lhave experienced. A:nd Alco- 


hol is but a thin Oil. But then by the procefles of 


Fermentation and Diftillation it is fo much. fubti- 


lifed and attenuated, as to become thinner, more 
volatile, and eafier boiled than Water itfelf; as: 
Lord Verulam too long ago obferved +. 

Thofe Oils. that have any lentor in them. have a 
much ftronger cohefion of parts, and: can. bear a 
much greater heat. “ Majorem calorem. defiderat 
* ad hoc ut bulliat oleum, quam Agua; & tardi- 
* us multo bullire incipir,” fays the fame Lord. Ve- 


f Phil. Tranf. Abr. VI. 2. p. 18, 
+ Ibid. 
* tbid. and Boerh. Chem. }I. p. 168. 745. 746s 
i ae edie ; 
f Hilt. Denf. &c. p. 46. 
rulaine 
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rulam § Oilof Turpentine is amongft the thin- © 


neft of all thefe, and yet in boiling it raifed the 
Mercury in the Thermometer almoft to gr. 560 |}. 
And hereabout.I reckon the boiling heat of the o- 
ther ordinary Volatile or Stillatitious Oils. Which 
however as the boiling continues is always augmen- 
ting; the more volatile parts flying away, and leav- 
ing the refidue thicker, ftronger, and fufceptible of. 
greater heat *. | 
The Expreffed fixed Oils can take on ftill a great- 
er heat. I find Mr. Fahrenheit and Dr. Boerhaave 
fpeaking as if they and Quickfilver began to boil 
at much the fame degree of heat, viz. about gr. 


600 +. And in boiling they are fufceptible.of ftill — 


a much greater heat than this before they. burft — 


out into flame. Dr. Mu/ffchenbrock has furnifhed 


us with a method. of. judging of that heat indepen-. 


dently of the: common. ‘Thermometers, from the 
lengthening of Metals-expanded in its by which 
the heat of boiling Wil came out confiderably high- 
er than what is affigned to Mercury boiling. From 
the freezing point he found { the elongation of an 


§ Hitt. Denf. &c. p. 46. 

| B rh. Chem. I. p. 747. 

* [bid. and p. 748. and Phil, Tranf, Ibid. 

+ Fahr.in Phil Tranf. Ibid. p. 18. 52. Boeth, 


Thid. p 165. 265. 291. 747- 748. 752.  Mufichenbd. 
Eff. Phyf § 880, 952. 896. | 


+ Tent. Exp. Ac. Cim. Add. II. p. 20. 
Iron 
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Iron Rod in Rapefeed Oil fo boiling as to be ready 

to burft into flame to its elongation in boiling wa- 
ter as 201 to 533 and confequently as 682 to 180. 
So that if the Mercurial Thermometer had been 
capable of being lengthened out far enough this 
Boiling Oil would have raifed the Mercury in it to 
gr. 6824-3 2=7 14 ; and that is a heat in the ordina- 
ry way of reckoning from above the freezing 
point, (£32=34) near 4 times greater than that of 
Boiling Water. 

Itis true a much lower beat made a fort of boil- 
ing noife and froth in the Oil, ariling from the ex- 
pulfion of its more watery parts. This came on 
when the Iron Rod was lengthened but 120 parts, 
‘and that lights about gr. 440 in our Thermometer. 
But this is but an accidental and indefinite fort of 
heat, and not at all to be reckoned the complete 
Boiling ftate of the Oil, or the greateft heat it is, 
capable of without burning. 
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